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Preface 
The Sydney Paediatric Eye Disease Study (SPEDS) was conducted during 2007-2009, 
where 2461 children, aged between 6 and 72 months were examined. The study clinic was set 
up in two selected suburbs (Campsie and Quakers Hill) in metropolitan Sydney where an 
adequate proportion of preschool children resided based on the Australian Bureau of 
Statistics (ABS) 2006 census data. 3333 preschool-aged children were identified via door-to-
door census from 4 randomly selected suburbs (Campsie, Quakers Hill, Dulwich Hill, and 
Belmore), and 2461 (73.8% participation rate) were examined by a dedicated team of medical 
officers (PhD candidates) and orthoptists, under the supervision of Professor Paul Mitchell 
and Associate Professor Kathryn A Rose from the University of Sydney. 
This Thesis is based on SPEDS data mainly collected by the author, presents the 
testability measures and differences in refractive measurements, prevalence and many 
associated factors for visual impairment, amblyopia, and refractive errors in a preschool-aged 
Australian population. The first few chapters show an overview of the prevalence of many 
vision-impairing problems among preschool-aged children worldwide, and describe in detail 
the methodology adopted by SPEDS. Examinations applied in the Sydney Myopia Study 
(SMS) are described in brief in the relevant chapter in this Thesis as it refers to the 6 year-old 
SMS cohort. 
Testability of refraction and other ocular measurements in this preschool sample is 
shown in Chapter 3. The differences in refraction measured by different autorefractors are 
compared and discussed in Chapter 4. Some of the associated factors, including birth 
parameters, and the prevalence of visual impairment, amblyopia, and refractive errors in 
preschool children are subsequently discussed in Chapters 5-9. The correlation between 
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refraction and measures of urbanisation (Chapter 8) reinforces some environmental factors 
associated with refractive errors and other vision-deterring conditions in Australian children. 
Chapter 10 provides a summary of the implications of the findings from all reports. 
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Abstract 
Aims: To determine the prevalence and associated factors for visual impairment, amblyopia, 
and refractive errors, testability of refraction and other ocular measures, and accuracy of 
refractive measurements by autorefraction in a sample of preschool children residing in 
Sydney, Australia. 
Methods: The Sydney Paediatric Eye Disease Study (SPEDS) enumerated 3333 children, 
aged 6-72 months, in four randomly selected postcodes. 2461 (73 .8%) participated and were 
examined during 2007-09. Age specific assessments and definitions were used in SPEDS. 
Visual acuity (VA) was assessed using the Electronic Visual Acuity (EVA) system in 
children aged 2': 30 months, where a subset of children were also examined using the 
Logarithm of Minimum Angle of Resolution (LogMAR) chart. Children aged< 30 months 
were assessed using Teller Acuity Cards II. Spectacles were worn when brought to the 
examinations. Refraction in each eye was measured after cycloplegia using the Retinomax K-
Plus 2 hand-held autorefractor, and Canon RK-Fl table-mounted autorefractor was used in 
children mainly aged 2': 30 months. Streak retinoscopy was performed when both 
autorefraction methods failed after multiple attempts. Myopia was defined as spherical 
equivalent (SE) refraction :'S -0.50 diopters (D) in either eye, hyperopia as SE 2': +2.00D, 
astigmatism as cylinder 2': l.OOD, anisometropia as SE difference 2': l.OOD between the two 
eyes, and amblyopia as best presenting VA <20/32 in addition to other potential amblyogenic 
factors. A device was considered testable if adequate measurements were able to be obtained 
in both eyes. Detailed information including socio-economic status, time spent indoors and 
outdoors, and birth parameters were gathered from questionnaires completed by parents. All 
statistical analyses were performed using the SAS program. 
Page I 5 
Results: Most SPEOS children were testable using the Retinomax autorefractor (71.8%) and 
the Canon autorefractor (66.0%). Testability measures of refraction, stereopsis, ocular 
biometry, and retinal photography improved significantly with increasing age (all Ptrend 
<0.0001), with few significant gender- and ethnicity-related differences. The Retinomax 
autorefractor was found to produce slightly less hyperopic SE measurements than both the 
Canon autorefractor (SE -0.11D, p<0.0001) and streak retinoscopy (SE -0.260, p<0.0001), 
while the Canon autorefractor produced similar SE measurements to the gold-standard 
retinoscopy (SE +0.010, p = 0.88) after cycloplegia. Visual impairment (VI) was present in 
at least one eye of6.4% ofSPEOS children, and 2.7% had VI in both eyes. It was 
significantly associated with low birthweight <2500g (odds ratio [OR]2.4, 95% confidence 
interval [CI] 1.1-5.3). Amblyopia was found in 1.9% of this sample, with anisometropia (OR 
27.8, CI 11.2-69.3) in addition to hyperopia (OR 15.3, CI 6.5-36.4) and astigmatism (OR 5.7, 
CI 2.5-12.7), and strabismus (OR 13.1, CI 4.3-40.4) as major arnblyogenic risk factors. 
Myopia prevalence was 4.2% in Australian preschool children. Parental myopia (OR 3.1, CI 
1.7-5.5), high parental education (OR 2.0, CI 1.1-3.7), East (OR 5.7, CI 3.0-10.7) and South 
Asian (OR 5.4, CI 2.7-10.9) etlmicities, and high levels (>3 hours/day) of time spent on 
indoor activities including watching television (OR 2.5, CI 1.1-5.4), were significant myopic 
risk factors, whereas time spent outdoors (OR 1.0, CI 0.9-1.1) was not a significant factor. 
Hyperopia of at least +2.000 was present in 18.9% of SPEOS children. Unlike myopia, 
hyperopia was not significantly associated with parental hyperopia (OR 1.2, CI 0.9-1. 7), or 
time spent on indoor activities (OR 1.0, CI 0.9-1.2). It was however, significantly associated 
with many other ocular conditions including strabismus (OR 3.8, CI 2.1-6.7), astigmatism 
(OR 1.7, CI 1.3-2.2), anisometropia (OR 14.2, CI 7.0-28.6), and amblyopia (OR 20.3, CI 7.5-
55.1). A higher proportion of Caucasian children were hyperopic (22.2%), with more girls 
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(22.1%) affected than boys (16.2%). Low birthweight <2500g, prematurity< 37 weeks, 
maternal smoking during pregnancy, and breastfeeding were not found significantly 
associated with either myopia or hyperopia in SPEDS (all p > 0.05). 
Conclusions: Testability measures of refraction and other ocular measures improved 
significantly with age in SPEDS, with the Canon autorefractor found to be the more reliable 
autorefraction device in testing preschool children. The overall visual impairment and 
amblyopia prevalence were comparable to other recent contemporary preschool studies in the 
United States and Singapore, while the myopia and hyperopia prevalence in SPEDS were 
relatively lower. Refractive errors, anisometropia, and strabismus were frequently associated 
with low vision and amblyopia in this preschool sample, suggesting the potential benefit of 
adequate vision screening and correction at an early age, especially in children with low 
birthweight. 
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Thesis Objectives 
The objectives of this Thesis are to: 
• Describe the recruited sample, procedure protocols, and examinations involved in the 
Sydney Paediatric Eye Disease Study (SPEDS, 2007-09). 
• Assess the testability of autorefractors, stereoacuity tests, ocular biometry, and retinal 
imaging among a sample of preschool children. 
• Compare refraction measurements obtained by a hand-held autorefractor, a standard 
table-mounted autorefractor, and the gold-standard streak retinoscopy after 
cycloplegia. 
• Determine the prevalence of visual impairment in SPEDS, and to describe risk factors 
including birth parameters. 
• Describe the prevalence of amblyopia affecting this preschool sample, and to 
determine the causes and associated factors 
• Describe the prevalence of myopia and hyperopia, and their associated predicting 
factors including parental ametropia, ethnicity, and time spent on indoor and outdoor 
activities. 
• Describe the effect of urbanisation factors on refraction, particularly myopia, in 6 
year-old Sydney school children 
• Assess the effects of birth parameters and breastfeeding on visual impairment, 
amblyopia, hyperopia and myopia in preschool children 
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Chapter 1 
Brief Literature Review 
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Testability of Refraction and other Ocular Measures 
Adequate testability of refraction and common eye tests is important to accurately 
determine the prevalence and causes of refractive errors, visual impairment and amblyopia in 
children. It can be challenging to accurately assess these parameters in children of the 
preschool age range. Few recent studies have attempted to report on the testability of some 
commonly used eye tests in preschool samples, 1"7 in order to determine appropriate age 
thresholds for applying these devices either in population screening programs or in clinical 
settings. 
The Multi-Ethnic Paediatric Eye Disease (MEPEDS),8 a population-based study on 
preschool children based in the United States, recruited and examined around 12,000 children 
aged between 6 and 72 months from four different ethnic groups: African American, Asian 
American, Hispanic/Latinos and non-Hispanic white. They reported that 89% of children 
were testable in both eyes with the hand-held Retinomax device, and 91% of children testable 
with the IOLMaster for axial length measurements.4 Among 2545 Hispanic and 2178 African 
American children, the testability increased sharply with age, and by 36 months, more than 
90% were testable with both the Retinomax and IOLMaster.4 They investigated the testability 
of the Randot Preschool stereoacuity test in 1662 Hispanic and 14 70 African American 
children, and found that an overall 80% of children were testable between 30 to 72 months of 
age.3 Testability again increased significantly after 36 months of age, indicating an improved 
level of maturity and co-operation in children aged 36 months and older. 
Another preschool study, based in Singapore, reported on the testability ofRandot 
stereoacuity, IOLMaster, and Canon, a different autorefractor to the Retinomax. The 
Strabismus, Amblyopia, and Refractive Error Study (STARS)2 examined 1542 Singaporean 
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-Chinese children, aged between 6 and 72 months, and reported an overall high testability rate 
of 82.2% for the Randot stereotest, and 91.7% for the IOLMaster, similar to the MEPEDS. 8 
They reported the testability of the standard, table-mounted Canon autorefractor, which was 
lower at 62.2% for preschool children, suggesting that more children might have experienced 
difficulty with the table-mounted than the hand-held autorefraction device. 
The Vision in Preschoolers Study Group (VIP), also based in the United States, 
reported more than 95.4% of children aged 36 months or older could complete the Retinomax 
autorefraction without cycloplegia,9 similar to the MEPEDS.4 However, they reported a low 
56% testability rate for Randot preschool test in a small sample of 118 children aged between 
3 and 3.5 years of age. 1 This may be reflective of the lack of maturity in young children, or 
even the incomplete development of binocular vision before 5 years of age as suggested by 
some studies.1•3 Nevertheless, an accurate measure of stereopsis is vital in children, as 
decreased stereoacuity is frequently associated with visual problems including amblyopia, 
strabismus and anisometropia. 1 0•11 
Differences in Refractive Measurements 
Not only is the testability measure of autorefraction important in young children, 
recent studies have also raised concerns regarding the differences in refractive measurements 
as a result of using different autorefractors and retinoscopy. 12- 15 These allegations prompted 
us to investigate within our sample, which was comparably larger in sample size than 
previous reports, and to determine whether these spherical equivalent (SE) differences 
between a hand-held Retinomax autorefractor, a table-mounted Canon autorefractor, and the 
gold-standard retinoscopy truly exist. If there are significant SE differences, this assumes 
importance as some recent paediatric studies8•16 and screening services use the Retinomax 
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autorefractor exclusively and may therefore, under- or over-report the prevalence of some 
refractive errors. 
Prabakaran et al. 12 reported that the Retinomax hand-held autorefractor consistently 
recorded less hyperopic readings than the table-mounted device and retinoscopy after 
cycloplegia in 51 Singaporean children aged between 24 and 72 months.12 Similarly, Farook 
et al. 14 showed more "minus" SE readings in the hand-held autorefractor compared to another 
table-mounted device in 100 young Singaporean adults (mean age 29.5 years)14 Both reports 
showed significant differences between measures of astigmatism using the different 
auto refractors. 
An Australian study, 15 using 327 infants aged between 46 and 81 weeks, also reported 
a consistent less hyperopic SE reading acquired by the Retinomax compared to retinoscopy 
after cycloplegia. 15 This reported SE difference assumes importance, especially in clinical 
settings where accurate diagnosis of refractive errors is required for optimal correction. 
Visual Impairment 
Visual impairment (VI) has been assessed and reported extensively in mostly school-
aged childhood17' 21 •21 ' 38 and adult populations. 38-47'47-6 1 A review showed that an estimated 
259 million people affected by impaired vision worldwide, using the world health 
organisation's definition of best corrected VA< 6/1862 However, there are currently few 
population based studies on VI using large preschool-aged samples, standardised VI 
definitions and comparable methodology. Of the available reports on preschool children, 16"63-
65 VI is estimated to affect around 1 to 5% of preschool children residing in the United States, 
China and Singapore. 
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The MEPEDS63 assessed the presenting VA in 3207, and best measured VA in 3364 
preschool children, aged from 6 to 72 months, in a Los Angeles county. Using age specific 
VI cutoffs (VA< 20/50 in children aged< 48 months, and VA <20/40 in children aged;::: 48 
months), decreased presenting VA was present in the worse eye of 4.3% African American 
children and 5.3% of Hispanic children. Decreased best measured VA that was not 
immediately correctable with glasses due to ocular disease was found to be present in the 
worse eye of 1.5% African American and 1.9% Hispanic children. Amblyopia and refractive 
errors were the most frequent causes of VI in their sample. 
The BPEDS, 16 also based in the United States, found bilateral VI was present in 1.2% 
(7/577) of white children and 1.8% (13/725) of black children. After VA retesting with or 
without spectacles, within 60 days of the initial test, the rate of bilateral VI decreased to 0.5% 
in white children and 1.1% among black children. This suggests that the main causes of VI 
were uncorrected or undercorrected refractive errors, or poor co-operation. The BEPEDS 
adopted almost identical VI definitions and methodology both to the MEPEDS63 and to our 
study, allowing direct comparisons of the results. 
Recently, the Strabismus, Amblyopia and Refractive Error in Singaporean children 
(STARS) published their findings on the prevalence and causes of VI in 1684 Singaporean 
Chinese children, with VA testable mainly in children aged between 30 and 72 months64 
Using similar definitions and methodology to both the MEPEDS63 and BEPEDS, 16 the 
STARS reported a decreased presenting VA in 2.1% of children aged 30 to 47 months, and 
2.05% of those aged 48 to 72 months. STARS investigators found that refractive error, 
particularly astigmatism and myopia, were the main causes of VI in preschool group, 
followed by amblyopia. 
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Another study conducted on East Asian children was the Beijing study of visual 
impairment in children.65 Unlike the other preschool studies, the authors adopted a different 
VI definition of VA< 6/18. Although this WHO criteria allows an overall estimation of VI in 
all age groups, it is not be age-specific and is less relevant to determine VI in children of the 
preschool age range66"69 Nevertheless, they reported much lower VI prevalence in their 
study, potentially subsequent to the different VI definition: bilateral correctable VI in 0.32%, 
and bilateral uncorrectable VI in 0.079% of 17,699 Chinese children aged 3 to 6 years65 Due 
to differences in the VI definitions, comparisons of this study to other preschool studies were 
not possible. Although the main causes of VI in their sample included refractive error 
(80.3%) and amblyopia (4.2%), which were similar to other preschool studies, the other cases 
of prevalent VI included congenital motor nystagmus (4.2%) and congenital cataract (4.2%), 
which were less frequently reported in other preschool populations. 
We previously reported the prevalence and causes of correctable and uncorrectable VI 
in 6 year-old children in the Sydney Myopia Study (SMS).17 Using a VA cutoff of20/40 
(Snellen 6/12, LogMAR score 0.3), uncorrected VI was found in 1.3% of better eye and 4.1% 
of the worse eye in 1738 6-year-old children. Refractive error (69.0%) was expectedly the 
most frequent cause, followed by amblyopia (22.5%), connotating similar aetiologies 
underlying VI in young children from Australia, United States and Singapore. 
Amblyopia 
Although amblyopia is the most treated ocular problem in children, it is still a leading 
cause of visual impairment in both childhood and adult populations, 17•18"63"70 and is estimated 
to affect around 0.5% to 6.5% children worldwide. 71-8 1 Amblyopia diagnosis and treatment 
should ideally occur during early visual development in children, generally before the age of 
Page I 30 
8, to prevent irreversible and permanent visual loss. 82' 89 If remained undetected and 
untreated, both amblyopia and strabismus can impact negatively on the child's self 
esteem,90 visual and emotional development,91 and deters their psychosocial health 
into adulthood.92•93 
Table 1.1 details some childhood studies on the prevalence and causes of amblyopia. 
However, due to different study designs and inconsistent definitions, comparisons between 
these studies are difficult. Interestingly, a consistent finding from the collection of childhood 
studies is the lower amblyopia prevalence reported among children of East Asian ethnicity. 
This could potentially be due to the lower frequency of strabismus and hyperopia, frequently 
associated with amblyopia, observed in children of East Asian ethnicity compared to children 
of other ethnicities.75'78.s1'94' 98 
Refractive Errors 
Refractive error is a leading cause of both visual impairment and amblyopia in 
children. In the last decade, a global coalition of non-government bodies and the World 
Health Organisation (WHO) has launched the Vision 2020: The Right to Sight campaign, 
which aims to eliminate visual impairment by correcting for refractive errors99 The 
prevalence of refractive errors, in particular myopia, have been reported to affect as many as 
70 to 90% of school-aged children in parts of Asia25•97•100·101 , and its prevalence is on the rise 
worldwide. 100'102' 104 Although impaired vision in preschool-aged children is not as prominent 
compared to the school-aged or older groups, with a lower reported prevalence of 1 to 15% in 
preschoolers,96' 105'106 it nevertheless alters a child's quality oflife107, impacts on their future 
social and economic success, and they face longer years living with the "disability" compared 
to older children or adults. 
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There has been a recent collaboration of childhood studies in the Refractive Error 
Study in Children (RESC), incorporating 5 to 15 year-old children from China,2s·32 India/7•108 
Malaysia,24 Chile,30 South Africa29 and Nepa1,31 which reported in detail, the prevalence and 
types of refractive errors in children. However, there are few large-sample, population-based 
studies adopting similar and consistent methodology on preschool-aged children,96•10s,to6 
possibly owing to the practical difficulty and the numerous devices available to assess 
refraction accurately in very young children. 
The BPEOS 106 examined 2546 preschool children for refraction, and found the 
prevalence of myopia (SE :S -1.000) was low in white children (0.7%) compared to African 
American children (5.5%). Hyperopia of +3.000 or more was found in 8.9% of white 
children, and 4.4% of African American children. They found a low 1.3% of children were 
prescribed glasses when 5.1% would benefit from optical correction. 
MEPEOS, tos also based in the United States, examined 2994 African American and 
3030 Hispanic children aged between 6 and 72 months. Myopia :S -1.000 was found in 6.6% 
of African American and 3.7% of Hispanic children. Using a lower hyperopia threshold at 
+2.000 or more, they reported a hyperopia prevalence of20.8% in African American and 
26.9% in Hispanic children. The authors raised an interesting point about limited 
emmetropization in their sample, marked by a slight increase of hyperopia beyond 24 months 
of age, contrasting with the popular belief that most children will grow out of their hyperopia 
with age. 
Using a sample predominantly of a single ethnicity (Chinese), ST ARS96 examined 
3009 Singaporean Chinese preschool children, and reported a myopia (SE :S -0.500) 
prevalence of II .0%, higher than reported by the MEPEOS ws and BPEOS. 106 STARS also 
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reported a fairly high astigmatism (Cyl ~ 1.50D) prevalence (8.6%) among Singaporean 
children, and a relatively lower hyperopia (SE ~ +3.00D) prevalence (1.4%), consistent with 
the previously reported ametropia findings among mostly school-aged East Asian 
children. 100'109' 113 
Table 1.2 shows an overview of selected childhood studies exploring the prevalence 
of refractive errors, mainly myopia and hyperopia, conducted in Australia and in other 
countries. The differences in myopia and hyperopia definitions adopted by the various studies 
(shown in parentheses) should be noted. 
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Table 1.1: Prevalence of Amblyopia in selected childhood studies 
Study Year Location Study Definition of Amblyopia Amblyopia 
Sample and Prevalence 
Authors 
size 
MEPEDS 74 2008-9 United 6014,6-72 Unilateral: VA <20/32 in 2.6% in Hispanic 
States months worse eye, 2 line children, 1.5% in 
difference + strabismus, African American 
anisometropia, and/ or children 
visual axis obstruction. 
Bilateral: bilateral VA 
<20/40 (48-72 months) 
and <20/50 (<48 months) 
+ significant ametropia or 
bilateral visual axis 
obstruction. 
BPEDS73 2008-9 United 2546, 6-72 Same as MEPEDS74 1.8% in white 
States months children, 0.8% in 
African American 
children 
STARS75 2008-9 Singapore 3009,6-72 Same as MEPEDS Ll9% 
months 
Williams et 2008 United 7825, 7 years VA<20/40, 2 line 3.6% 
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a!. Kingdom difference or previous 
ALSPAC 
diagnoses 
Chang et 2007 Taiwan 5232, 3-6 VA <20/20 + 2.2% 
aJ_so years amblyogenic factors 
Matsuo et 2007 Japan 6900, 1.5-3 Diagnosed by 0.18% 
a1_78 years ophthalmologists 
Matsuo et 2007 Japan 113763, 6-13 Diagnosed by 0.14-0.20% 
aJ_79 years ophthalmologists 
SMS71 2006 Australia 1739, 6 years VA<20/40 with 2line 0.7%(new 
difference in VA diagnoses) 
1.8% (include 
previous diagnoses) 
Lim et al.81 2004 Korea 36973, 3-5 VA<20/40 (:S3years), 0.42% 
years VA<20/32 (>3years) or 2 
line difference 
He et al.25 2004 China 4364, 5-15 VA <20/32 + amb1yogenic 0.87% 
years factors 
Preslan et 1996 United 680, 4-7 VA<20/30 + amblyogenic 3.9% 
al.m States years factors 
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Table 1.2: Prevalence of Myopia and Hyperopia in selected childhood studies 
Prevalence (%) 
Study Location Sample Age Myopia, SE :::; - Hyperopia, SE ;::: 
Size 0.500 +2.000 
Authors 
MEPEDS 103 Los Angeles 2994 6-72 months 6.6% in African 20.8% in African 
American American 
3.7% in Hispanic 26.9% in Hispanic 
children children 
(SE:::; -1.000) 
BPEDS106 Baltimore 2546 6-72 months 0.7% in white 23.4% in white 
children 
13.2% in African 
5.5% in African American 
American children 
(SE:::; -l.OOD) 
STARS96 Singapore 3009 6-72 months 11.0 7.4 
SMS9S,ll6 Sydney 1765 6 years 1.43 13.2 
RESC 
He et a1.25 China 4364 5 years 3.3 16.7 
(urban) 
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r 
t 
Zhao eta!. China (semi- 5884 5 years 0-2.0 8.8 
rural 
Goh et al.24 Malaysia 4634 7 years 9.8 3.8 
Murthy et India (urban) 6447 5 years 4.7 15.6 
al.I08 
Dandonaet India (rural) 4074 7 years 2.8 0.7 
al.27 
Maul et al30 Chile 5303 5 years 3.4 22.7 
Pokharel et Nepal 5067 5 years 1-2% 1-2% 
al.3l 
Naidoo et a!. 29 South Africa 4890 5 years 1.9 1.4 
CLEERE*117 United States 2523 5-17 years I 0.1 (SE .S -0. 75D) 8.6 (SE ~ + 1.25D) 
Fan et al. 102 Hong Kong 7560 5-16 years 36.7 4.0 
Macfarlane et Brisbane 877 6-11 years 13.0 50.0 
al.l18 
Junghans et Eastern 2535 4-6 years 0.0 to 4.0 5.6 to 7.4 (SE ~ 
al.ll9 Sydney +l.SOD) 
*CLEERE =Collaborative Longitudinal Evaluation of Ethnicity and Refractive Error 
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Chapter 2 
General Methods 
(Specific Methods are included in each chapter) 
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Sydney Paediatric Eye Disease Study (SPEDS) 
Study Area 
Using the Australian Bureau of Statistics (ABS) 2006 census data 
(www.censusdata.abs.gov.au), the greater Metropolitan Sydney was stratified into three 
regions: inner city, suburban, and outer suburban. One or more suburbs with a moderate 
proportion of preschool-aged children were selected from each of the three regions, resulting 
in four suburbs been selected using random cluster sampling, stratified for socio-economic 
status. The four suburbs in Sydney where census collection districts (CCD) were extracted 
included: Quakers Hill (postcode 2763; outer suburban), Campsie (2194; suburban), Belmore 
(2192; suburban), and Dulwich Hill (2203; inner city). 
Study Population 
An ABS CCD was estimated to contain around 300 households, and approximately 
8% of these households had children in the desired age range of 6 months to 6 years 
according to census data. Therefore, each CCD will contain around 24 eligible households by 
estimation. Hoping to achieve an overall 75% participation rate (i.e. 18 households), and 
assuming there were around 24 children in each of the 28 CCDs in each of the three regions, 
the sampling method would identify around 4,032 preschool-aged children. This sample size 
was deemed reasonable and representative in providing prevalence estimates of preschool-
aged children in metropolitan Sydney. 
Recruitment Process 
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The study team used the ABS census 2006 maps to identify each of the households 
within the CCD. Information leaflets were left in each identified house's letterbox, posters 
were displayed at local health clinics, medical centres, preschools, day-care centres, and 
selected retailers. Recruitment staff next approached each of households to confirm the 
presence and number of preschool-aged children, if no eligible children were identified in the 
household, contact was stopped. Eligible children, on the other hand, would be approached 
by the team staff and invited to participate in the study. Parents who refused our initial 
invitation were contacted up to three times to re-consider the invitation. Those willing to 
participate in the study were scheduled appointments for examinations in the study clinics 
(Quakers Hill and Campsie). 
Ethics Approval 
All examination protocols for SPEDS were approved by the Human Research Ethics 
Committee, University of Sydney, and adhered to the tenets of the Declaration of Helsinki. 
Written informed consent was obtained from parents prior to any examinations, which 
outlined the use of cycloplegic eye drops in the tests and the potential temporary side effects 
(blurry vision, sensitivity to bright light) the child may experience after mydriasis. 
Parent Questionnaires 
Two questionnaires (113-item and 63-item, Appendices A2 and A3) were prepared 
for participants' parents. Detailed information collected from these questionnaires included: 
self-reported ethnicity (European Caucasian [referred to as Caucasian in this Thesis], East 
Asian, South Asian [Indian/Sri Lankan/Pakistani], Middle Eastern, or Others/Mixed), 
parental education (the highest level of education completed by either parent: University or 
higher degree, technical college or a diploma, or high school), parental employment 
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(employed part-time or full-time, unemployed, home duties, retired) and home ownership 
(owned apartment/house, rented apartment/house), ocular history (amblyopia, strabismus, 
myopia, hyperopia, astigmatism, any ophthalmic surgery, use of spectacles/glasses), medical 
history (any medical condition including asthma, cerebral palsy, heart condition, speech 
problems, hearing problems, diabetes, tumour or cancer, meningitis or encephalitis, autism, 
any previous surgery), pregnancy history (toxaemia, pre-eclampsia, anaemia, high blood 
pressure, gestational diabetes), parental smoking and maternal consumption of alcohol 
(during pregnancy and at any other time). Information was also obtained from government-
issued personal health records for children born in Australia (blue books) including birth 
parameters (weight in grams [g] at time of birth, length in centimetres [em], weeks of 
gestation at time of delivery) and growth charts (height [em], weight [g], and head 
circumference [em]), were provided by most parents (67.7%) of preschool participants in this 
sample. 
Examinations 
The clinic procedures used in SPEDS are summarised in Figure 2.1. A 30-item 
examination booklet was prepared for SPEDS (Appendix At). A dedicated team of medical 
officers, orthoptists, and administrative personnel was involved in data collection during 
2007-09. All staff members were well-trained and completed working with children 
declaration checks as per child protection legislation prior to starting data collection. Detailed 
clinical examinations performed in SPEDS included the following: 
1. Confirmation of the child's name, date ofbirth (age at the time of the examination 
was calculated and recorded in weeks), gender, and signed consent forms by parents. 
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2. Hirschberg Test was performed on all children, with or without glasses, to assess 
whether corneal reflections were equal and symmetrical. 
3. Child's response to occlusion prior to conducting visual acuity tests. 
Figure 2.1: Flow chart of the methodology adopted in SPEDS. 
[ 
[ 
Verification of the participant's details and obtained 
informed consent 
Visual Acuity Assessments (Teller Acuity Cards II, 
EVA, LogMAR) 
Cover Test (Near and Distance, with and without 
glasses), Krimsky Test, Eye Aligmnent and Movement 
Stereoacuity Tests: Lang II, Randot Preschool Test, 
StereoSmile Test II 
Colour Vision Tests, Pupil and Iris colour Assessments, 
Bruckner Test. 
Blood Pressure and Anthropometry 
Cycloplegic Eye Drops 
Cycloplegic Refraction, Ocular biometry, Slit Lamp 
l 
l 
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[ Fundus Examination and Photography 
Visual Acuity Retest (if required) and Referral when 
indicated 
4. Manifest or latent nystagmus, if any, was assessed and recorded. 
5. Visual Acuity (VA) Assessments: 
a. Teller Acuity Cards II120•121 (Stereo Optical Co. Inc., Chicago, IL) was used to 
assess vision in all children aged 24 months or younger, as well as those who 
could not be assessed using the Electronic Visual Acuity (EVA) system or the 
Logarithm of the Minimum Angle of Resolution (LogMAR) chart. A separate 
score, recorded in cycles/deg, was recorded for each eye and one score for 
both eyes. 
b. The EVA system122·123 (Jaeb Centre for Health Research, Tampa, Florida), 
with single-surround HOTV optotypes read at 3 meters, was used in children 
aged 30 months or older. 
c. Lea Symbols 124 (house, apple, square and a circle), were used in children aged 
24 months or younger, or in those who could not verbalise or recognise letters. 
d. Children aged 30 months or older were assessed using the LogMAR charts 125, 
EDTRS or HOTV pattern at 2.44m (Vector Vision CSV-1000, Vector Vision, 
Inc., Dayton, OH), in addition to the EVA. 
e. For children aged 30 months or older, if child's vision was assessed to be 
<6/60, VA was checked closer at !.22m. If the child's vision was <3/60, VA 
was checked at 38cm, and categorised into CF (count fingers), HM (hand 
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movements), LP+P (light perception+ projection), LP (light perception), or 
NPL (no perception of light). 
f. OKN (OptoKinetic Nystagmus) Drum was only used if all other acuity tests 
failed. 
g. Some children were invited back for VA retest if the results were unreliable 
due to lack of co-operation. 
6. Prism and Cover tests to assess any strabismus/tropia or phoria present, at near, 
distance and far distance, with and without glasses. 
7. Krimsky test with and without glasses if cover tests were unable to be performed, this 
was to assess asymmetric light reflexes and to measure the magnitude of strabismus. 
8. Assessment of versions and ductions 
9. Convergence near point (CNP) 
10. Fusional response test using a lSD prism 
II. Test for suppression using a 4D prism for microtropias 
12. Stereoacuity Tests: 
a. Lang II stereo card (Lang stereotest, F orch, Switzerland) was attempted on all 
children, and measured stereopsis from 200 to 600 arc seconds at near. 
b. Randot preschool stereoacuity test (Stereo Optical Company, Chicago, IL), 
measuring 800 to 40 arc seconds at near ( 40cm), was attempted on all children 
aged 30 months or older. 
c. Stereo smile test II (Stereo Optical Inc., Chicago, IL), measuring stereoacuity 
from 480 to 60 arc seconds was attempted on children aged 6 months to less 
than 30 months. 
13. Colour Vision was assessed using: 
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a. Waggoner Color Vision Test (Home Vision Care, Gulf Breeze, FL) in children 
aged 30 months or older, and/or 
b. The City University Test (TCU, 3'd edition, Keeler Ltd., Windsor, UK) at 
33cm, and/or 
c. Ishihara Chart (Kanehara Trading, Tokyo, Japan) at 40cm. 
14. Bruckner Test was performed on all children to compare brightness of reflexes seen in 
both eyes. 
15. Pupil sizes (Anisocoria), and Iris colour (Heterochromia) using iris photograph 
reference standards were assessed in all children prior to instilling eye drops. 
16. Consecutive blood pressure and pulse rate were measured using a digital automatic 
BP monitor (model HEM-907, OMRON Healthcare, Singapore). 
17. Cycloplegia in all children with parental consent using: 
a. Amethocaine 0.5% to anaesthetise the cornea, 
b. Cyclopentolate 0.5% in children under 12 months, or I% in those aged 12 
months or older, instilled twice at 5 minute intervals. 
c. Additional Tropicamide I% and/or Phenylephrine 2.5% were used in those 
children who failed to dilate or with dark irides. 
d. Drops were repeated when necessary to achieve full mydriasis (pupil diameter 
> 6mm) and cycloplegia. 
18. Anthropometry measured included: 
a. Height or length in em 
b. Weight in kg 
c. Waist circumference in em 
d. Head circumference in em 
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19. Cycloplegic autorefraction was performed using: 
a. a hand-held autorefractor Retinomax K-Plus 2 (Nikon Corporation, Tokyo, 
Japan), and 
b. Canon RK-Fl table-mounted autorefraction (Canon, Tokyo, Japan) in mainly 
children aged 30 months or older. 
20. Cycloplegic refraction was assessed using streak retinoscopy in a dimly lit room when 
autorefraction failed after multiple attempts. 
21. Anterior eye examination was conducted using a Haag-Streit slit-lamp (Koeniz, 
Switzerland). 
22. Fundus examination to assess the macula, disc, media, and peripheral retina was 
performed using an indirect ophthalmoscope and 20D lens. 
23. Retinal photographs were taken through dilated pupils using a non-telecentric fundus 
camera (Canon CF-60UVi fundus camera, CF-DA camera adapter, EOS-lOD digital 
camera; Canon Inc., USA). 
24. Ocular biometry was measured using the non-contact partial coherence interferometer 
IOLMaster (IOLMaster, Carl Zeiss Meditec, Jena, Germany). Measurements of axial 
length (AL), corneal curvature (CR), and anterior chamber depth (ACD) were 
attempted on all children aged 30 months or older after cycloplegia. 
25. Spectacles used by both the children and parents, when provided by request, were 
measured using a vertometer (Nidek LM990 Auto Lensmeter, Nidek Co. Ltd., Japan). 
Definitions 
Refractive Errors 
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Myopia was defined as spherical equivalent (SE, sphere+ Y, cylinder)::; -0.500, 
hyperopia as SE 2:: +2.000, astigmatism as cylinder power::=:: 1.000, and anisometropia as an 
SE difference 2:: 1.000 between the two eyes. 
Visual Impairment (VI) 
VI was defined as the best presenting VA< 20/50 (Snellen equivalent 6/15, LogMAR 
score 0.4) in children aged< 48 months and< 20/40 (Snellen equivalent 6112, LogMAR 
score 0.3) in children aged 2:: 48 months.63 The better eye was defined as the eye with better 
VA, and the worse eye as the eye with the worse VA. 
Amblyopia 
Amblyopia and suspected cases of amblyopia were defined adopting criteria used by the 
MEPEOS.63 
Unilateral amblyopia was defined as a 2-line difference in best presenting VA between 
two eyes, in addition to at least one of the following factors: a) Constant or intermittent 
strabismus, b) Previous strabismus surgery, c) Anisometropia consistent with the worse eye 
(2:: 1.000 SE anisohyperopia, 2:: 3.000 SE anisomyopia, or 2:: 1.500 anisoastigmatism), and/or 
d) Evidence of past or present visual axis obstruction for at least one week (e.g. cataract, 
pseudophakia, aphakia, significant corneal opacity, ptosis, or eyelid haemangioma). 
Bilateral amblyopia was defined as bilateral decreased best presenting VA with either 
past history of bilateral visual axis obstruction, or bilateral significant ametropia (2:: 4.000 SE 
hyperopia, 2:: 6.000 SE myopia, or 2:: 2.50D astigmatism). 
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Children meeting both unilateral and bilateral amblyopia criteria were classified as 
unilateral. Children with coexisting fundus or anterior segment abnormalities precluding 
normal vision were not considered amblyopic. Those with a previous history of amblyopia or 
amblyopia treatment (patching, spectacles, and/or atropine drops) were included as having 
amblyopia. Letters from treating ophthalmologists were obtained to confirm cases of 
amblyopia when possible. 
Birth Parameters 
Low birthweight was defined as birthweight < 2500g, and prematurity was defined as 
gestation less than 3 7 weeks. 
Statistical Analysis 
SAS (version 9.1.3, or 9.2, SAS institute, Cary, NC) was used to analyse the data in 
this thesis. T -tests were used to compare means for continuous variables, and chi-square tests 
were used to compare proportions of categorical factors. Multi-variable adjusted logistic 
regression models were constructed to assess associations of factors while adjusting for 
appropriate confounders. Parsimonious stepwise logistic modeling was used when 
appropriate. Odds ratios (OR), and 95% confidence intervals (CI) are reported in most cases. 
Statistical significance was assumed when the p value was< 0.05. 
Analysed Sample 
Of the 3333 children enumerated in the four randomly selected postcodes (one site 
included two postcodes), we examined 2461 (73.8% participation rate) children during 2007-
09. Table 2.1 shows the characteristics of the examined SPEDS sample. 
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Table 2.1: Characteristics of the examined SPEDS sample 
Number(% of total) 
Mean age, months 
Age, months 
6-11 288 ( 11.8) 
12-23 386 (15.8) 
24-35 411 (16.8) 
36-47 366 (14.9) 
48-59 365 (14.9) 
60-71 346 (14.1) 
72-84 218 (8.9) 
84+ 68 (2.8) 
Gender 
Female 1157 (47.0) 
Male 1304 (53.0) 
Ethnicity 
Caucasian 1127 (45.8) 
East Asian 516(21.0) 
South Asian 325 (13.2) 
Middle Eastern 221 (9.0) 
Other/Mixed ethnicities 272 (11.0) 
Total 2461 (100.0) 
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Chapter 3 
Testability of Refraction, Stereopsis, 
and other Ocular Measures 
Related Publication: 
Pai A, Rose KA, Samarawickrama C, Fotedar R, Burlutsky G, Varma R, Mitchell P. 
Testability of Refraction, Stereopsis, and other ocular measures in preschool children: The 
Sydney Paediatric Eye Disease Study. Journal of AAPOS. 2012 April;l6{2):185-92 
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Testability of Refraction, Stereopsis~ and other Ocular measures 
Abstract 
Purpose: To determine the testability and appropriate age limits for applying common eye 
tests to preschool children. 
Methods: The Sydney Paediatric Eye Disease Study examined 2461 children, aged 6 to 72 
months, during 2007-9. Cycloplegic autorefraction was measured using Retinomax and 
Canon autorefractors. Ocular biometry was measured using IOLMaster in children aged 30+ 
months. The Randot preschool test, Lang II, and Stereo smile test II were administered to 
assess stereoacuity. Fundus photography was performed through dilated pupils. Testability 
was defined as the ability to successfully complete tests in both eyes. 
Results: There were 2189 children with complete data. Most were testable using Retinomax 
(71.8%) and Canon (66.0%) autorefractors. Testability improved with age (Ptrend <0.0001) for 
both autorefractors, and Retinomax achieved > 70% testability at 24 months of age, half the 
age limit (48 months) found for Canon. IOLMaster was mostly testable in children aged 48+ 
months. Lang II could be used in children aged 6 months, and achieved the highest testability 
(94.4%) of all stereotests. Caucasian children performed better than children of some other 
ethnicities on Randot (p=0.007), with girls performing better than boys (p=O.O I). Bilateral 
photography was achieved in > 70% of preschool children aged 48 months. 
Conclusion: The testability of all measures was strongly age-related, with mostly no gender 
or ethnicity effects found. Retinomax could be tested in > 70% of children aged 24 months, 
younger than that found for the Canon autorefractor (48 months). Testability measures for 
most eye tests in this preschool sample are comparable to other preschool studies. 
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Introduction 
There has been a recent shift of emphasis from screening for visual problems in 
school-aged to those of preschool age, with the recommendation, implementation, and 
evaluation of such vision screening programs in many countries over the past decade.126"131 
Aim of vision screening at younger ages include the early identification of visual problems 
such as amblyopia and strabismus, in the hope that this would lead to better outcomes from 
earlier intervention. 83•88 Amblyopia is a leading cause of visual impairment in both adult and 
childhood populations/0•132 and is found to almost double a person's lifetime risk of bilateral 
visualloss,133 as well as increasing the risk of visual loss in the fellow eye. 134 While 
frequently associated with amblyopia, strabismus itself may negatively impact a person's 
visual and psychosocial well-being in the longer term ifuntreated. 91"93•135 Therefore, simple, 
age-appropriate, and reliable tests are important to detect and diagnose vision-threatening 
conditions in young children. 
Recent studies have assessed the testability of commonly used eye tests in children, 
including visual acuity,2•5•6 stereoacuity, 1"3 refraction,2'4 and ocular biometry using 
IOLMaster2 •4 However, no studies have assessed the ability to obtain fundus photographs in 
preschool children. There are also very few reported studies to examine the testability of 
various measures in different ethnic populations. To our knowledge, only two other studies 
have assessed testability in an East Asian population,2•7 and there are no current reports on 
testability in Indian or Middle Eastern preschool children. 
We aimed in this report to document the testability for refraction (using both table-
mounted and hand-held autorefractors), ocular biometry (IOLMaster), stereoacuity (Randot 
preschool test, Lang II and Stereo smile test II), and retinal imaging (fundus photography) in 
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a preschool population-based study of children from various ethnic backgrounds, and to 
determine appropriate age limits for applying these tests. 
Specific Methods 
Participants 
The Sydney Paediatric Eye Disease Study (SPEDS) was conducted during 2007-09, 
3333 eligible children between the ages 6 and 72 months were identified and recruited via 
door-to-door census using 2006 Australian Bureau of Statistics (ABS) data in four randomly 
selected postcodes in metropolitan Sydney, Australia. These postcodes were selected using 
random cluster sampling, stratified by socio-economic status, to represent each of the three 
major strata in Sydney (inner city, suburban, and outer suburban). A total of2461 children 
was examined (73.8% response rate from the selected postcodes and census districts) in the 
study clinics, of whom 2189 (65.7% of3333) were included in this report after excluding 
those children whose parents refused cycloplegic eye drops. 
Written informed consent was obtained from parents and all examination protocols 
were approved by the University of Sydney's Human Research Ethics committee and adhered 
to the tenets of the Declaration of Helsinki. 
Examinations 
The comprehensive ocular examination included the following: 
Stereoacuity was assessed before cycloplegia using the Lang II stereo card (Lang 
stereotest, Porch, Switzerland), Randot preschool stereoacuity test (Stereo Optical Company, 
Chicago, IL) and Stereo smile test II (Stereo Optical Inc., Chicago, IL). A non-stereo figure 
recognition pre-test was conducted on all children to ensure adequate figure recognition 
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abilities before proceeding to stereotesting. Children wore their own spectacles if these were 
brought to the examinations. They were requested to identify and match the figures with the 
same non-stereo pictures in the booklets until figures could no longer be identified, with the 
seconds of arc recorded for the last identified figure. Lang II measuring stereopsis from 200 
to 600 arc seconds at near was attempted on all children. Randot stereoacuity from 800 to 40 
arc seconds at near (40cm) was attempted on all children aged 30 months or older. Stereo 
smile II measuring stereoacuity from 480 to 60 arc seconds was attempted on children aged 6 
months to less than 30 months. 
Cycloplegia was achieved by instilling twice, 5 minutes apart, a single drop of 
cyclopentolate (0.5% for children aged under 12 months, and 1% for those aged 12 months or 
older), after anaesthetising the cornea with a drop of amethocaine 0.5%. A few children 
required tropicamide 1% (and/or phenylephrine 2.5%) to achieve full mydriasis and 
cycloplegia. 
Refraction was attempted on all children at least 25 minutes after instillation of the 
last eye drops, and was measured using a hand-held autorefractor Retinomax K-Plus 2 (Nikon 
Corporation, Tokyo, Japan). Multiple readings were made automatically by the Retinomax, 
with confidence scores ranging from 1 to 10 based on the repeatability of the results. Scores 
of 8 or greater were considered successful. Canon RK-Fl table-mounted autorefraction 
(Canon, Tokyo, Japan) was attempted on all children aged 30 months or greater after 
cycloplegia (with pupil diameter 2: 6mm, not reactive or constricting to light). If 
autorefraction was unable to be carried out after multiple attempts (at least 3 attempts per 
eye), streak retinoscopy was performed by a trained medical officer in a dimly lit room. 
Children whose parents refused eye drops were excluded from our analyses. 
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Ocular biometry was measured using the non-contact partial coherence interferometer 
IOLMaster (IOLMaster, Carl Zeiss Meditec, Jena, Germany). Measurements of axial length 
(AL), corneal curvature (CR), and anterior chamber depth (ACD) were attempted five times 
on all children aged 30 months or older after cycloplegia. 
The posterior pole, macula and optic discs of each eye were examined in all children 
by trained medical officers using an indirect ophthalmoscope and a 20 dioptre (D) lens 
through dilated pupils. Fundus photography, centreed on the macula was attempted on all 
children aged 30 months or older using a non-telecentric fundus camera (Canon CF-60UVi 
fundus camera, CF-DA camera adapter, EOS-100 digital camera; Canon Inc., USA) through 
dilated pupils. 
The testing sequence differed slightly for each child depending on the level of co-
operation. In general, stereoacuity tests were performed before cycloplegia, followed by 
autorefraction after cycloplegia, IOLMaster, and finally, fundus photography, with tests 
mainly conducted by the same examiners. 
Testability 
Retinomax testability was defined as having spherical and cylindrical measurements 
in both eyes, yielding a confidence level of 8 or greater in each eye. Canon testability was 
defined as adequate refraction measurements (at least 2 consecutive readings) in each eye, 
with measurements obtained in both eyes. 
IOLMaster measurements were separated into AL, CR, and ACD. Success in 
measuring AL was defined as achieving at least 2 consecutive AL readings in both eyes. 
Measurement ofCR was considered successful if both corneal curvature readings (Kl and 
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K2) were obtained in both eyes, and for ACD if 5 consecutive ACD measurements were 
obtained in both eyes. 
Stereoacuity testability was defined as an attempt by the child to match all 
corresponding figures by pointing and completion of the Lang II, Randot preschool test, 
and/or Stereo smile II tests. 
Fundus photography was considered testable if photographic images were able to be 
acquired for both eyes with both the macula and optic disc clearly visualised. The reference 
age for applying each test was defined as the age at which a testability rate of more than 70% 
was achieved.2 
Questionnaires 
Two questionnaires (113-item and 63-item), including questions on ethnicity (self-
reported; European Caucasian [referred to as Caucasian in this report], East Asian, South 
Asian [Indian/Sri Lankan!Pakistani], Middle Eastern, or Others/Mixed), parental education 
(completed high school, TAFE, diploma, university degree, a higher degree including masters 
or PhD), parental employment (employed full time or part time, unemployed, home duties, 
retired), ocular (past history of any ocular condition including amblyopia, strabismus, 
refractive errors or ophthalmic surgery) and medical histories (any medical condition 
including asthma, cerebral palsy, heart condition, speech problems, hearing problems, 
diabetes, tumour or cancer, meningitis or encephalitis, autism, previous surgery,) were 
completed by the parents. Data from the government-issued personal health record for 
children provided to the parents of all Australia-born children, containing details on birth 
parameters (birthweight, weeks of gestation) and growth charts (height, weight and head 
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circumference) recorded at the time of birth and at subsequent baby health check visits, were 
gathered where possible. 
Statistics 
SAS (version 9.1.3, SAS institute, Cary, NC) was used to perform all statistical 
analyses in this report. Only tests attempted and performed successfully in both eyes were 
considered testable and have been included in our analyses. Missing or incomplete results 
were deemed not testable. 
The Cochran-Armitage test was used to calculate the significance of trend values for 
each testing modality with increasing age. Two-sided probability values were quoted with 
probability value less than 0.05 considered statistically significant. 95% confidence intervals 
(CI) for the proportion of children testable were calculated from the normal approximation of 
the binomial distribution using SAS. Comparisons of the proportion testable in age, gender 
and ethnicity groups were calculated using chi-tests. We used multiple logistic regression 
models to compare testability measures between gender (adjusted for age and ethnicity), and 
ethnicity groups (adjusted for age and gender). 
Results 
After excluding children with incomplete or missing data, a total of 2189 children 
were included in this report. Their mean age was 36.9 months(+/- 19.7 SD), with slightly 
more children in the youngest age bracket ( 6-< 12 months, 13.2%) than in the other age 
groups (Table 3.1). There were slightly more boys (53.7%) than girls (46.3%) in this sample, 
but there were no overall significant gender differences across the age groups (p=0.42). 
Caucasian (45.8%) was the dominant ethnic group, followed by East Asian ethnicity (20.7%) 
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and South Asian ethnicity (13.5%), with no overall ethnic differences across the age groups 
(p=0.89). 
Table 3.2 details the testability of refraction among the preschool children using the 
Retinomax and Canon autorefractors. Retinomax yielded a better testability than Canon 
across all age groups, with numbers becoming similar only in the oldest age category (91.8% 
versus 90.9%, 66 to 72 months). Testability for both autorefraction methods increased 
sharply with age (both Ptrend <0.0001), with a surprisingly better testability among boys in 
Retinomax than girls (p=0.03), after adjusting for age and ethnicity. This gender difference 
was present mainly for children older than 24 months of age (p=0.04), but not for children 
younger than 24 months (p=O.l9). There were no significant differences in testability 
performance between Caucasian and children of other ethnicities with Retinomax (p=O. 73) or 
Canon (p=0.67). Overall, autorefraction after cycloplegia was more testable among preschool 
children using the Retinomax (achieved in 71.8% of the overall sample) than with the Canon 
instrument (66.0%). 
Ocular biometry measurements were separated into AL, CR and ACD in this report, 
with all measurements acquired using IOLMaster (Table 3.3). AL was the most testable in 
our sample (65.4%) followed by CR (50.1 %), and lastly ACD (47.5%). Testability for all 
three measurements improved with age (all Ptrend <0.0001), with girls outperforming boys for 
ACD (p=0.02). Caucasian children performed better than East Asian children for CR 
measurements (p=0.049), and better than Middle Eastern children for AL (p=0.026) and ACD 
measurements (p=0.026). 
Among the stereoacuity tests, the Lang II was the most testable (94.4%), compared to 
the Randot (74.4%) and Stereo Smile Test II (51.9%) (Table 3.4). As expected, testability for 
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stereoacuity tests also improved with age (all Ptrend<O.OOOl), and there were no significant 
differences between children of Caucasian and East Asian ethnicities (all p>0.05). However, 
Caucasian children were more testable than children with Middle Eastern (p=0.007) and 
Other/Mixed ethnicity (p=0.003) for Randot, whereas there were no significant differences in 
testability between Caucasian children to East Asian (p=0.20) and South Asian children 
(p=0.11). Girls performed better on the Randot than boys (p=0.013) after adjusting for age 
and ethnicity. 
Preschool children younger than 42 months were generally unable to co-operate 
sufficiently to have retinal photographs taken, with only 17.0% of children aged between 30-
36 months able to have satisfactory photographs taken for both eyes (Table 3.5). Testability 
increased significantly with age (ptrend < 0.0001 ), with no significant gender (p=O.l7) or 
ethnicity (p=0.20) differences. In contrast, examiners reported being able to clearly visualise 
both the macula and the optic disc in most children using indirect ophthalmoscopy (data not 
shown). 
Figures 3.1 to 3.4 details the testability rates of Retinomax, Canon autorefraction, 
IOLMaster and Randot preschool stereoacuity test in our study, as well as in the Multi-Ethnic 
Paediatric Eye Disease Study (MEPEDS) and the Strabismus, Amblyopia, and Refractive 
Error Study (STARS). 
Discussion 
Refraction 
The hand-held Retinomax was testable in 71.8% of our preschool children aged from 
6 to 72 months. Previous studies have shown when used by professionals, more than 95.4% 
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of children 2: 36 months of age could achieve confidence readings of 2: 8 in either eye without 
cycloplegia,9 and in a study using cycloplegia, an overall 89% of children between 6 and 72 
months of age were able to complete the test in both eyes.4 By comparison, our Retinomax 
testability was slightly lower than these reported studies, including the MEPEDS.4 (Figure 
3.1). A possible explanation is that unlike the report by the Vision in Preschoolers (VIP) 
study group,9 we only included children who achieved adequate cycloplegia and those 
without were excluded. In our experience, some children responded negatively to the 
cycloplegic eye drops and did not cooperate after their instillation. This could have 
contributed to our lower testability rate. In addition, the order of testing and the total number 
of tests performed may have differed between studies, and some of our children could have 
become restless and lost concentration by the time we conducted autorefraction, leading to an 
overall lower testability rate. Examiner variability, population behavioural and cultural 
differences are other potential explanations. Nevertheless, our testability for the Canon 
autorefractor (66.0%) was consistent with the reported testability in preschool children from 
the STARS (62.2%)2 (Figure 3.2}, indicating some uniformity in this method of performing 
autorefraction between the studies. 
We found the Retinomax achieved an overall higher testability than Canon 
autorefractor in children aged 30 months or older. This was expected as the Canon requires a 
longer sustained attention span to complete. Surprisingly, preschool boys were more testable 
than girls using Retinomax (p=0.03); this was true for children aged older than 24 months 
(p=0.04}, but no gender differences were found in the children aged less than 24 months 
(p=O.l9) in Retinomax testability, and in Canon testability overall (p=O.ll}, contrasting with 
findings from previous studies. The STARS found preschool girls were more testable than 
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boys on table-mounted autorefraction2, and the MEPEDS reported no gender-related 
differences in Retinomax testability4 
Overall, we found the Retinomax was useful in obtaining rapid refractive readings in 
preschool children, particularly for ages older than 24 months, with no ethnic-related 
differences in testability. By comparison, the table-mounted Canon autorefractor was more 
difficult for preschoolers, with >70% of children testable around 48 months of age, doubled 
the Retinomax reference age. However, a recent report12 showed that the Retinomax 
produced significantly less hyperopic readings than the gold-standard streak retinoscopy 
(p=0.004) in 51 preschool children, whereas the table-mounted autorefractor produced similar 
readings to streak retinoscopy (p=0.66) after cycloplegia. This finding suggests that while 
more children may be testable using the Retinomax instrument, we should be cautious in 
interpreting the refractive outcomes when examining preschool populations, and may need to 
correlate findings from retinoscopy or table-mounted autorefraction measurements. 
Ocular Biometry 
The overall testability of AL using the IOLMaster was 65.4%, improving significantly 
with age (ptrend<O.OOOI). Girls outperformed boys for the testability ofCR (p=O.OSI) and 
ACD (p=0.016). This testability was substantially lower than the reported 91.0% by the 
MEPEDS4 and 91.7% by the STARS2 (Figure 3.3). However, we did find that East Asian 
children performed slightly better in AL testability than children of Caucasian origin, even 
though this difference was not statistically significant after adjustment (p>O.OS). Such ethnic 
differences could have contributed to the higher testability in the STARS, as they reported 
findings on Chinese Singaporean children. 2 Neither the MEPEDS nor the STARS reported 
the testability for CR or ACD separately. We found that very few preschool children younger 
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than 36 months could complete both the CR and ACD measurements. As expected, testability 
was strongly age-dependent (Ptrend<O.OOOl), and girls performed slightly better than boys for 
CR and ACD. South Asian children were able to complete ocular biometry tests better than 
children of other ethnicities. 
We found that young children had difficulty focusing on the internal light of the 
IOLMaster for extended periods of time, with only 7.4% of children aged younger than 36 
months able to complete CR, and only 5.2% able to complete the testing for ACD. Testability 
improved substantially after 48 months of age, making this an appropriate age limit for 
IOLMaster testing. This was reinforced by our comparable testability outcome with that 
reported by the ST ARS2 and the MEPEDS4 among children aged 48 months and older 
(Figure 3.3). Additionally, AL achieved the best testability compared to CR and ACD, most 
likely because of the sequence of testing that we performed: AL first, followed by CR, then 
lastly ACD. An update of the IOLMaster hardware greatly reduced the examination duration 
towards the conclusion of our study; this version may have been used by the other studies to 
improve their testability rates for IOLMaster. This outcome suggests that the duration and 
order of testing can considerably affect the testability in preschool-aged children. These 
factors should be noted by clinicians assessing children at these ages. 
Stereoacuity 
The Lang II (94.4%) was highly testable in children aged 6 to 72 months. It achieved 
the best testability compared to Randot preschool test in those aged 30 to 72 months, and to 
Stereo Smile Test II in those aged 6 to 30 months (Table 3.4). This was mostly attributed to 
Lang II not requiring special glasses, which most young children struggled to keep on during 
the examinations. Our Randot testability was comparable to findings from MEPEDS3 and 
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STARS2 (Figure 3.4). We found that more girls were able to complete the test than boys 
(p=O.O I), consistent with the gender difference observed in the STARS (p=0.008)2 and 
MEPEDS (p=0.0002)3 The higher testability in girls could be speculated to correlate with the 
higher level of co-operation and attention duration displayed by girls as young as one year of 
age.136 
The VIP study group 1 reported a lower testability using the Randot in their overall 
preschool sample (VIP 56%), but a comparable testability in those children who passed the 
pretest for Randot (VIP 80% versus SPEDS 74.4%). 1 However, they reported a much higher 
testability using the Stereo Smile Test II (VIP 98.1% versus SPEDS 51.9%). 137 The 
discrepancy in Stereo Smile testability could be explained by the age differences between the 
two cohorts, as our group (6 to 30 months) was younger than the VIP tested sample (3 
years+). This reinforces the difficulty for children younger than 3 years of age to complete 
stereo tasks, as normal binocularity requires a period of time for the stereo image to form, and 
it is difficult for young children to sustain attention on a stimulus for this image to develop. 
Some investigators have even suggested that binocular development may still be incomplete 
by 5 years of age. 1•3 Nevertheless, the detection of reduced depth perception is important in 
children as it is frequently associated with visual problems such as amblyopia, strabismus and 
anisometropia. 10' 11 As demonstrated in our study, the Lang II can be completed by the 
majority of preschool children, yielding a success rate of more than 90% in children as young 
as 6 months. However, it is important to keep in mind that despite the superior testability in 
preschool children, Lang II has been questioned by some studies138' 139 as whether it is a 
reliable screening tool when used alone, suggesting it should be combined with visual acuity 
and refraction assessments, to accurately detect amblyopia in screening settings. 
Retinal Photography 
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The ability to take good retinal photographic images has not been studied previously 
in preschool-aged children. We found that this could be achieved in 60.8% of children, and 
was strongly age-dependent (ptrend<O.OOOI ), with no significant gender (p=0.17) or ethnicity 
(p=0.20) differences. We found it to be achievable in children over 48 months of age, with 
>70% of children of these ages able to have both eyes adequately imaged. By comparison, we 
found that indirect ophthalmoscopy could be performed confidently in most preschool 
children, even in the very young (6-<12months). Remaining in a still posture and focusing on 
a fixated target for the duration of retinal photography proved to be difficult for some 
preschool children. More interesting fixation targets could help to improve the testability of 
retinal photography in very young children. Overall, we found bilateral digital retinal 
photography could be performed using this fundus camera in preschool children, particularly 
those aged over 4 years, where >70% testability was achieved. 
SPEDS is one of the few large-sample population-based studies assessing visual 
functions in a preschool population. Our examination procedures were standardised, and all 
tests were conducted by the same medical officers and orthoptists, trained and performance 
monitored by one senior medical officer (RF) and one senior orthoptist (KR). However, this 
could be considered a potential limitation in that we could have overestimated the general 
testability for some screening tests, when they are performed by lay personnel who may be 
less experienced with children and this equipment. Another limitation of our report is the 
failure to address the timing of tests, as exams conducted early in the day may produce better 
testability than those conducted later in the day when children's level of concentration has 
worsened. Further, we did not incorporate other factors such as socio-economic status and 
number of family members present at the examination, as different levels of family 
encouragement may alter testability in children. Nevertheless, our report is one of the first to 
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report on the testability of several common eye tests using a preschool sample that harbors a 
great ethnic diversity. Lastly, we reported on the testability of retinal photography, not 
reported previously in a preschool population. 
Our study has reported on the testability of common eye tests in an Australian 
preschool, multi-ethnic childhood sample, and has compared testability differences by age, 
gender and ethnicity. Adopting an arbitrary 70% threshold similar to that used in STARS, 2 
we found that the preferred age limits for use of the Retinomax autorefractor was 24 months, 
the Canon autorefractor 48 months, IOLMaster 48 months or older, Randot 48 months, Lang 
II 6 months, and retinal photography 48 months. Gender differences in testability were 
demonstrated for the Retinomax, ACD, and Randot. In general, there were few significant 
ethnicity- or gender -related testability differences found in our sample. Combined with data 
from other recent preschool studies, our study has defined testability measures for commonly 
applied exams in a preschool population, and contributes to the reference age limits for these 
tests in screening or clinical settings. 
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Table 3.1: Characteristics of the preschool sample 
Number,(%) P value 
Age, months 
6-<12 288 (13.2) 
12-<18 193 (8.8) 
18-<24 193 (8.8) 
24-<30 181 (8.3) 
30-<36 230 (10.5) 
36-<42 185 (8.5) 
42-<48 181 (8.3) 
48-<54 176 (8.0) 
54-<60 189 (8.6) 
60-<66 165 (7.5) 
66-72 208 (9.5) 
Gender 
Male 1175 (53.7) 0.42 
Female 1014 (46.3) 
Ethnicity 
Caucasian 1002 (45.8) 0.89 
East Asian 452 (20.7) 
South Asian 296 (13.5) 
Middle Eastern 199 (9.0) 
Other/mixed 240 (11.0) 
Total 2189 (100.0) 
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Table 3.1 
• Female 
Cl Male 
·6-11 
.12-17 
.18-23 
.24-29 
.30-35 
.36-41 
. 42-47 
048-53 
054-59 
060-65 
066-72 
•caucasian 
• East Asian 
•south Asian 
0 Middle Eastern 
OOther/ mixed 
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Table 3.2: Testability by age, gender and ethnicity for the Retinomax and Canon 
autorefractors 
Retinomax Canon 
No. Tested/Total % (95% CI) No.Tested/Total % (95% CI) 
Age, months 
6-<12 88/288 30.6 (25.2-35.9) NA NA 
12-<18 65/193 33.7 (27.0-40.4) NA NA 
18-<24 106/193 54.9 (47.9-61.9) NA NA 
24-<30 1411181 77.9 (71.9-84.0) NA NA 
30-<36 196/230 85.2 (80.6-89.8) 52/230 22.6 (17 .2-28.0) 
36-<42 163/185 88.1 (83.4-92.8) 93/185 50.3 (43.1-57.5) 
42-<48 169/181 93.4 (89.8-97.0) 114/181 63.0 (56.0-70.0) 
48-<54 147/176 83.5 (78.0-89.0) 124/176 70.5 (63.7-77.2) 
54-<60 162/189 85.7 (80.7-90.7) 162/189 85.7 (80.7-90.7) 
60-<66 143/165 86.7 (81.5-91.9) 146/165 88.5 (83.6-93.4) 
66-72 191/208 91.8 (88.1-95.6) 189/208 90.9 (87.0-94.8) 
Pt.end# <0.0001 <0.0001 
Gender 
Male 860/1175 73.2 (70.7-75.7) 455/707 64.4 (60.8-67.9) 
Female 711/1014 70.1 ( 67 .3-72.9) 425/627 67.8 (64.1-71.4) 
p value* O.o3 0.11 
Ethnicity 
Caucasian 714/1002 71.3 (68.5-74.1) 416/622 66.9 (63.2-70.6) 
East Asian 332/452 73.5 (69.4-77.5) 180/276 65.2 (59.6-70.8) 
South Asian 213/296 72.0 (66.8-77.1) 117/182 64.3 (57.3-71.3) 
Middle Eastern 138/199 69.4 (62.9-75.8) 76/116 65.5 (56.9-74.2) 
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Others/Mixed 174/240 
p value* 
Total 157112189 
#ptrend for increasing age 
72.5 (66.9-78.2) 
0.73 
71.8 (69.9-73.7) 
91/138 
880/1334 
65.9 (58.0-73.9) 
0.67 
66.0 (63.4-68.5) 
*p value for gender is adjusted for age and ethnicity, p value for ethnicity is adjusted for age 
and gender 
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Table 3.3: Testability by age, gender and ethnicity for the IOLMaster 
Axial Length Corneal Curvature Anterior Chamber Depth 
No.Tested/ % (95% CI) No. Tested/ % (95%CI) No. Tested/ %(95%CI) 
Total Total Total 
Age, months 
30-<36 41/230 17.8 (12.9-22.8) 17/230 7.4 (4.0-10.8) 12/230 5.2 (2.3-8.1) 
36-<42 97/185 52.4 (45.2-59.6) 52/185 28.1 (21.6-34.6) 52/185 28.1 (21.6-34.6) 
42-<48 120/181 66.3 (59.4-73.2) 84/181 46.4 (39.1-53.7) 81/181 44.8 (37.5-52.0) ' 
48-<54 132/176 75.0 (68.6-81.4) 105/176 59.7 (52.4-66.9) 90/176 51.1 (43.8-58.5) 
54-<60 163/189 86.2 (81.3-91.2) 136/189 72.0 (65.6-78.4) 122/189 64.6 (57.7-71.4) 
60-<66 140/165 84.9 (79.4-90.3) 120/165 72.7 (65.9-79.5) 117/165 70.9 (64.0-77.8) 
66-72 179/208 86.1 (81.4-90.8) 154/208 74.0 (68.1-80.0) 159/208 76.4 (70.7-82.2) 
Po.,# <0.0001 <0.0001 <0.0001 
Gender 
Male 4531707 64.1 (60.5-67.6) 3401707 48.1 (44.4-51.8) 3171707 44.8 (41.2-48.5) ' 
Female 419/627 66.8 (63.1-70.5) 328/627 52.3 (48.4-56.2) 316/627 50.4 (46.5-54.3) 
p value* 0.23 0.051 0.016 
Ethnicity 
Caucasian 410/622 65.9 (62.2-69.6) 324/622 52.1 (48.2-56.0) 298/622 47.9 (44.0-51.8) j 
East Asian 184/276 66.7 (61.1-72.2) 131/276 47.5 (41.6-53.4) 135/276 48.9 (43.0-54.8) 
South Asian 128/182 70.3 (63.7-77.0) 99/182 54.4 (47.2-61.6) 98/182 53.9 (46.6-61.1) 
MiddleEastem 67/116 57.8 (48.8-66.8) 53/116 45.7 (36.6-54.8) 45/116 38.8 (29.9-47.7) 
Others/Mix 83/138 60.1 (52.0-68.3) 61/138 44.2 (35.9-52.5) 57/138 41.3 (33.1-49.5) 
p value* 0.09 0.10 0.06 
Total 872/1334 65.4 (62.8-67.9) 668/1334 50.1 ( 47.4-52.8) 633/1334 47.5 (44.8-50.1) 
#Ptrend tOr increasing age *p value for gender is adjusted for age and ethnicity, p value for ethnicity is adjusted for age 
and gender 
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Table 3.4: Testability by age, gender and ethnicity for stereotests 
Ran dot Lang II Stereo Smile Test II 
No .Tested % (95%CI) No.Tested/ % (95%CI) No. Tested %(95%CI) 
ffotal Total ffotal 
Age, months 
6-<12 NA NA 264/288 91.7 (88.5-94.9) 143/288 49.7 (43.9-55.4) 
12-<18 NA NA 1661193 86.0 (81.1-90.9) 80/193 41.5 (34.5-48.4) 
18-<24 NA NA 178/193 92.2 (88.5-96.0) 1111193 57.5 (50.5-64.5) 
24-<30 NA NA 1661181 91.7 (87.7-95.7) 110/181 60.8 (53.7-67.9) 
30-<36 711230 30.9 (24.9-36.8) 218/230 94.8 (91.9-97.7) NA NA 
36-<42 1011185 54.6 (47.4-61.8) 175/185 94.6 (91.3-97.9) NA NA 
42-<48 1451181 80.1 (74.3-85.9) 176/181 97.2 (94.9-99.6) NA NA 
48-<54 147/176 83.5 (78.0-89.0) 169/176 96.0 (93.1-98.9) NA NA 
54-<60 175/189 92.6 (88.9-96.3) 188/189 99.5 (98.4-100.5) NA NA 
60-<66 156/165 94.6 (91.1-98.0) 160/165 97.0 (94.4-99.6) NA NA 
66-72 197/208 94.7 (91.7-97.8) 206/208 99.0 (97.7-100.4) NA NA 
Ptrend# <0.0001 <0.0001 0.0032 
Gender 
Male 508/707 71.9 (68.5-75.2) 111111175 94.6 (93.3-95.9) 230/468 49.2 (44.6-53.7) 
Female 484/627 77.2 (73.9-80.5) 955/1014 94.2 (92.7-95.6) 214/387 55.3 (50.3-60.3) 
p value* 0.013 0.61 0.071 
Ethnicity 
Caucasian 479/622 77.0 (73.7-80.3) 950/1002 94.8 (93.4-96.2) 202/380 53.2 (48.1-58.2) 
East Asian 208/276 75.4 (70.3-80.5) 429/452 94.9 (92.9-96.9) 84/176 47.7 (40.4-55.1) 
South Asian 134/182 73.6 (67.2-80.0) 278/296 93.9 (91.2-96.6) 58/114 50.9 (41.7-60.1) 
MiddleEastern 79/116 68.1 (59.6-76.6) 190/199 95.5 (92.6-98.4) 44/83 53.0 ( 42.3-63.8) 
Others/Mixed 921138 66.7 (58.8-74.5) 219/240 91.3 (87.7-94.8) 56/102 54.9 (45.3-64.6) 
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r 
p value• 0.007 0.27 0.79 
Total 992/1334 74.4 (72.0-76.7) 2066/2189 94.4 (93.4-95.4) 444/855 51.9 (48.6-55.3) 
#p~rend for increasing age 
*p value for gender is adjusted for age and ethnicity, p value for ethnicity is adjusted for age and 
gender 
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Table 3.5: Testability by age, gender, and ethnicity for retinal photography 
Age, months 
30-<36 
36-<42 
42-<48 
48-<54 
54-<60 
60->66 
66-72 
Gender 
Male 
Female 
p value* 
Ethnicity 
Caucasian 
East Asian 
South Asian 
Middle Eastern 
Others/Mixed 
p value* 
Total 
Retinal Photography 
No.Tested/Total 
39/230 
85/185 
114/181 
123/176 
152/189 
132/165 
166/208 
421/707 
390/627 
386/622 
159/276 
118/182 
721116 
76/138 
811/1334 
% (95% CI) 
17.0 {12.1-21.8) 
46.0 (38.8-53.1) 
63.0 (56.0-70.0) 
69.9 (63.1-76.7) 
80.4 (74.8-86.1) 
80.0 (73.9-86.1) 
79.8 (74.4-85.3) 
<0.0001 
59.6 (55.9-63.2) 
62.2 (58.4-66.0) 
0.17 
62.1 (58.2-65.9) 
57.6 (51.8-63.4) 
64.8 (57.9-71.8) 
62.1 (53.2-70.9) 
55.1 (46.8-63.4) 
0.20 
60.8 (58.2-63.4) 
#ptrend for increasing age *p value for gender is adjusted fOr age and ethnicity, p value for ethnicity is adjusted for age 
and gender 
Page I 73 
Figure 3.1: Testability rates for tbe Retinomax autorefractor by the Sydney Paediatric Eye 
Disease Study (SPEDS) and the Multi-Ethnic Paediatric Eye Disease Study (MEPEDS) 
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Figure 3.2: Testability rates for the Canon autorefractor by the Sydney Paediatric Eye 
Disease Study (SPEDS) and the Strabismus, Amblyopia and Refractive Error Study (STARS) 
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Figure 3.3: Testability rates for the IOLMaster by the Sydney Paediatric Eye Disease Study 
(SPEDS), the Multi-Ethnic Paediatric Eye Disease Study (MEPEDS), aud the Strabismus, 
Amblyopia aud Refractive Error Study (STARS) 
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Figure 3.4: Testability rates for tbe Raudot preschool stereoacuity test by tbe Syduey 
Paediatric Eye Disease Study (SPEDS), the Multi-Ethnic Paediatric Eye Disease Study 
(MEPEDS), aud the tbe Strabismus, Amblyopia and Refractive Error Study (STARS) 
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Chapter4 
Differences in Refraction measured by a 
Hand-held Auto refractor, compared to a 
Table-mounted Autorefractor and 
Retinoscopy 
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Differences in Refraction measured by a hand-held autorefractor, 
compared to a table-mounted autorefractor and retinoscopy 
Abstract 
Purpose: To compare refractive measurements obtained by a hand-held autorefractor, table-
mounted autorefractor, and retinoscopy in preschool children 
Methods: The Sydney Paediatric Eye Disease Study examined 2461 children (73.8% 
participation), aged 6 to 72 months. Refraction was measured using a Retinomax K-Plus 2 
autorefractor, Canon RK-Fl autorefractor, and/or streak retinoscopy after cycloplegia. Mean 
spherical equivalent (SE, sphere+ Y, cylinder) and cylinder readings in diopters (D) between 
the Retinomax and Canon autorefractors, Retinomax autorefractor and retinoscopy, and the 
Canon autorefractor and retinoscopy were compared. 
Results: 1217 children with refraction data measured by at least 2 methods were analysed. 
The Canon autorefractor produced more hyperopic mean SE readings ( + 1.28D) than the 
Retinomax autorefractor (+ 1.18D, p<O.OOOI ). Retinoscopy similarly produced more 
hyperopic mean SE (+ !.lSD) readings than the Retinomax (+0.89D, p:-:;0.002). The 
Retinomax gave greater cylinder readings than retinoscopy (-0.76D vs. -0.54D, p<O.OOOI), 
while the Canon autorefractor measured slightly greater cylindrical readings than both the 
Retinomax (-0.44D vs. -0.36D, p<O.OOOI) and retinoscopy (-0.70D vs. -0.45D, p=O.OOI). 
These differences were observed in both genders and some ethnicities for most comparisons. 
Conclusions: Retinomax produced somewhat less hyperopic SE measurements than both the 
Canon autorefractor and streak retinoscopy, while the Canon produced fairly similar SE 
measurements to retinoscopy in this preschool population. Both autorefractors produced 
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higher cylinder magnitudes than retinoscopy. These findings assume importance given 
widespread use of Retinomax in paediatric population studies. 
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Introduction 
Various instruments designed to efficiently measure refraction have been introduced 
into research and screening settings in the past decade, including hand-held and table-
mounted autorefractors. Their accuracies have been fairly extensively examined and 
reported, 12"15·137•140"144 with a general consensus that some autorefractors produce comparable 
results to traditional gold-standard retinoscopy in children, after cycloplegia. 13•15·141"144 
Hand-held autorefractors, including the Retinomax are portable, easy, and quick to 
use, making them ideal tools for screening large numbers of children. Autorefraction requires 
less training than traditional retinoscopy, and can be used by lay individuals. Accuracy of the 
Retinomax autorefractor was evaluated previously in both adult and childhood 
I . 13 14 144 d h b d b I. bl . . fra . . popu at10ns, · · an as een reporte to e re 1a e m measurmg re ctton even m 
preschool children, after adequate cycloplegia. 13·143 However, a few recent studies have 
suggested that there may be significant differences in refractive measurements between 
retinoscopy and both hand-held and, table-mounted autorefractors. 12•14 A study of 51 
Singaporean preschool-aged children 12 reported a "minus" pattern with the Retinomax 
compared to the other methods of measuring refraction. 
We therefore aimed to investigate these differences by comparing sphere, cylinder, 
and spherical equivalent (SE) measurements obtained using the hand-held Retinomax 
autorefractor, a Canon table-mounted autorefractor, and streak retinoscopy, performed in all 
three after cycloplegia, in a sample of Australian preschool children, from various ethnic 
backgrounds. 
Methods 
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Participants 
The Sydney Paediatric Eye Disease Study (SPEDS) was conducted during 2007-09 in 
four selected postcodes in metropolitan Sydney, Australia. Of 3333 eligible children 
identified, we examined 2461 children (73.8% response), aged between 6 and 72 months at 
the time of recruitment. By the time these examinations were performed, a small group of 
children had reached 72+ months of age. A total of 1217 children were included in this report 
after excluding children with incomplete refraction data or inadequate cycloplegia ( <6mm in 
pupil diameter, pupil constricting or reactive to light.) 
Written informed consent was obtained from parents. All examination protocols were 
approved by the University of Sydney's Human Research Ethics committee and adhered to 
the tenets of the Declaration of Helsinki. 
Examinations 
Cycloplegia was achieved by instilling a drop of cyclopentolate (0.5% for children 
aged under 12 months, and I% for those aged 12 months or older), twice at 5 minute 
intervals, after anaesthetising the cornea with a drop of amethocaine 0.5%. A few children 
required additional tropicamide 1% and/or phenylephrine 2.5% to achieve full mydriasis and 
cycloplegia. 
Refraction was attempted on all children at least 25 minutes after instillation of the 
last cycloplegic eye drops, and was measured using a hand-held autorefractor Retinomax K-
Plus 2 (Nikon Corporation, Tokyo, Japan). The examiner would stabilise the Retinomax 
autorefractor against the child's forehead before instructing the child to look at the internal 
fixation target (picture of a white Christmas tree). The examiner would then press the trigger 
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button once to start collecting eight consecutive refractive readings, which are presented as a 
single figure for each eye. Sphere and cylinder readings were analysed only if the 
manufacturer's recommended confidence level of 8 or greater was achieved. 
Autorefraction using the Canon RK-Fl table-mounted instrument (Canon, Tokyo, 
Japan) was attempted on all children aged 30 months or older, after cycloplegia. The child 
was instructed by the examiner to position his/her head on the device adequately (touching 
the forehead- and chin-rests) in either a standing or seating position, before looking at the 
internal fixation target (picture of a red house). The refractive readings for each eye were 
calculated from the average of at least 2 consecutive sphere and cylinder readings. The 
autorefractors were calibrated by a trained orthoptist regularly. 
When both autorefraction methods failed after multiple attempts or in order to check 
the autorefraction measurements, streak retinoscopy (Welch Allyn, Chessy, France) was 
performed by a trained medical officer in a dimly lit room. Children whose parents refused 
the instillation of eye drops, or those with inadequate cycloplegia were excluded from the 
analyses. 
Questionnaires 
Two questionnaires (113-item and 63-item), including questions on etbnicity (self-
reported; European Caucasian [referred to as Caucasian in this report], East Asian, South 
Asian [Indian/Sri Lankan/Pakistani], Middle Eastern, or Other/Mixed etbnicities) were 
completed by parents. Age of the child, in weeks, was recorded on the day of examination. 
Statistics 
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SAS (version 9. I .3, SAS institute, Cary, NC) was used to perform all statistical 
analyses in this report. Post-cycloplegic sphere and cylinder readings measured by the 
Retinomax autorefractor, Canon autorefractor and retinoscopy were included in the analyses. 
Data for individuals in whom it was incomplete, or on children without adequate cycloplegia 
were excluded. SE was calculated using sphere + Y, cylinder. As refraction readings between 
the right and left eyes were highly correlated (Spearman correlation coefficient= 0.91, p 
<0.0001), only the right eye data was used in this report. Additional analyses were performed 
for astigmatic measurements as power vectors consisting of two Jackson cross-cylinder 
vectors (JO and J45), using methods described previously. 145•146 The JO describes a vector 
with axes at !80° or 90°, while the J45 describes a vector with axes at 45° and 135°. 95% 
limits of agreement were calculated using mean ± 2 standard deviation. 
For each group of measures (i.e. Canon and Retinomax autorefractors, Retinomax 
autorefractor and retinoscopy, and Canon autorefractor and retinoscopy), Bland-Altman 
plots147 were used to present these data, the paired t test was used to determine the differences 
between the measures within individuals who had completed both tests. A p value less than 
0.05 was considered significant. 
Results 
After excluding 1221 children who had refraction only measured by one method or 
who had missing refraction data, there was a total of 1062 children with Canon 
autorefraction, 1195 with Retinomax autorefraction, and 202 with retinoscopy measurements. 
To minimise effects from potentially confounding variables, we stratified this sample into 
three test categories: I 040 with both Canon and Retinomax measurements, 180 with both 
Retinomax and Retinoscopy measurements, and 4 7 with both Canon and Retinoscopy 
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measurements. The mean age for each test group was: 59.6 (95% confidence interval [CI] 
58.7-60.5) months for Canon and Retinomax group, 56.8 months (CI 52.4-61.2) for the 
Canon and Retinoscopy group, and finally 26.6 months (CI 24.0-29.2) for the Retinomax and 
Retinoscopy test group. 
Table 4.1 shows the characteristics of the children analysed for each refraction 
method compared to children who were not analysed for this report. Children included in the 
analyses were generally older than those not included (p < 0.000 I), and there were no 
significant gender differences between the analysed and non-analysed groups (p = 0.29). The 
dominant ethnicity in both groups were Caucasian, followed by East Asian, South Asian, 
Others/Mixed, and finally, Middle Eastern ethnicity, with no significant differences in 
ethnicity (p = 0.50) between the groups. The mean SE was 1.270 in the analysed group, 
similar to the mean SE (1.210) in the non-analysed group (p = 0.15). 
Tables 4.2 show the means and 95% confidence intervals (CI) in SE and cylinder 
readings (JO and J45) acquired by the Canon autorefractor, Retinomax autorefractor, and 
retinoscopy in the 3 analysed test groups. The Retinomax produced a less hyperopic SE than 
both the Canon autorefractor (Mean SE + 1.18 diopters [D) versus+ 1.280) and retinoscopy 
(Mean SE +0.890 vs. + 1.150). The Canon autorefractor, on the other hand, produced very 
similar SE measurements to retinoscopy in this sample (Mean SE + 1.090 versus+ 1.080). 
Astigmatic vectors were similar between the two autorefractors, with both Canon and the 
Retinomax reporting more positive JO than retinoscopy, suggesting slightly greater with-the-
rule (WTR) astigmatism. 
Table 4.3 shows the differences in mean SE and cylinder readings (JO and J45) 
measured by the Canon autorefractor, Retinomax autorefractor and retinoscopy. The mean 
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SE measurements were significantly less hyperopic for the Retinomax than the Canon 
autorefractor (+0.11D, p < 0.0001 ), as well as compared to retinoscopy (+0.26D, p < 0.0001 ). 
In contrast, the Canon autorefractor produced relatively similar mean SE values (+0.01D, p = 
0.88) to retinoscopy. However, cylinder measurements were significantly different in 
magnitude comparing all three methods (all p:SO. 00 1). 
Figure 4.1a shows the trend of SE measured by the Retinomax and Canon 
autorefractor across the age groups. A gradual decrease in SE was observed for both 
autorefraction methods with increasing age (p < 0.05). The Canon autorefractor produced 
more hyperopic readings than the Retinomax for all age groups (all p :5 0.02) and for both 
girls and boys (both p <0.0001). This SE difference between the autorefractors was also 
observed for all ethnic groups (all p :5 0.0001), except for children of Middle Eastern 
ethnicity (p=0.82) (Figure 4.1b ). 
Similarly, comparing the mean SE measured by the Retinomax autorefractor and 
retinoscopy, we found that retinoscopy produced more hyperopic readings than the 
Retinomax (Figure 4.2a). This difference was observed in children of East Asian (p=0.002), 
South Asian (p=0.007), and Other/Mixed ethnicities (p=0.04), but was not found in children 
of Caucasian (p=0.1 0) or Middle Eastern (p=0.1 0) origins. However, this SE difference was 
observed in both gender groups (p<O.OOl), and in most age groups (Figures 4.2a and 4.2b). 
There were no significant differences in SE measured by the Canon autorefractor and 
retinoscopy across all age groups (all p>0.05) (Figure 4.3a). This lack of difference was 
found in both gender groups examined separately (p=0.5), and for most ethnic groups 
(p>0.05) except for children of Middle Eastern ethnicity (p=0.03), in whom retinoscopy 
produced a more hyperopic SE (1.78D) than the Canon autorefractor (1.47D) (Figure 4.3b). 
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Figures 4.4 to 4.6 show the Bland-Altman plots for the SE and cylinder 
measurements for the three devices with the corresponding 95% limits of agreement. The 
mean differences for SE and cylinder measurements between the devices and their 95% limits 
of agreement are outlined in Table 4.3. 
Discussion 
The hand-held Retinomax autorefractor was reported to achieve high testability and 
sensitivity rates in measuring refraction among preschool children, when used by trained eye 
professionals, nursing staff, and lay personnel in a screening setting.148 However, in the 
present study, we found that the mean SE measured by the Retinomax autorefractor was 
consistently less hyperopic than that measured using a table-mounted instrument, or 
retinoscopy, after cycloplegia. This SE difference persisted across age groups, was present 
for both genders and most ethnic groups in our preschool population. 
Our findings are also consistent with results from other studies that examined SE 
measurements in both childhood and adult populations.12' 14' 15.140•142 Prabakaran Set aL12 
reported a less hyperopic mean SE using the hand-held Retinomax (0.8D) compared with 
streak retinoscopy ( 1.09D, p = 0.004) among 51 Singaporean preschool children. On the 
other hand, the Canon autorefractor produced very similar SE results to streak retinoscopy 
(1.03D versus L09D, p=0.66), consistent with our findings (1.09D versus L08D, p=0.88). 
Despite the small sample size of 51 children, the age ranges examined were similar (mean 
age 52.3 +/- 13.3 months) and the authors adopted comparable methodology to our study, 
allowing direct comparisons of our results. 
The SE difference found between retinoscopy and the Retinomax (SE +0.26D, 
p<O.OOO I) was the greatest in magnitude among all three test groups, potentially related to its 
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relatively younger cohort (mean age 26.6 months) than the other two groups. However, this 
SE discrepancy between retinoscopy and the hand-held autorefractor was consistent with 
findings reported by other studies. An Australian study15 that examined 327 infants aged 
between 46 and 81 weeks (mean age 61 weeks), found a mean SE difference of0.31D ( +/-
0.63D) in the right eye after cycloplegia between retinoscopy and Retinomax autorefractor 
measurements (p<0.001 where the Retinomax also produced less hyperopic readings similar 
to SPEDS. Additionally, Prabakaran and colleagues12 also reported a very similar SE 
difference of +0.28D among their sample of preschool children. This reinforces the small but 
persistent SE difference observed between the Retinomax and retinoscopy measurements in 
h 'ldr ft I I . 12 1s 142 c 1 en a er eye op eg~a. · · 
A hand-held autorefractor (1.18D) produced a less hyperopic SE reading than its 
table-mounted counterpart (1.28D) in this study, comparable to results (Retinomax SE 0.8D 
versus Canon SE 1.03D) reported by Prabakaran S et al. 12 Additionally, this SE difference 
could be extended to an adult population. Farook eta!. 14 also showed a less hyperopic SE, 
using the Retinomax autorefractor compared to another table-mounted device (Topcon 
RM8000B) in 100 young Singaporean adults (mean age 29.5 years). Interestingly, they 
reported that this SE difference between the two autorefractors was more prominent with 
older age in an adult population, which contrasts with our finding that the SE difference 
became smaller with increasing age (Figure 4.1a). One explanation is the improved 
testability and accuracy in obtaining valid autorefraction results with increasing age among 
very young children.2.4 
Astigmatism was measured using negative cylinder power in this report, and there 
were significant differences in means between all three methods of measuring refraction. The 
differences in cylinder power found between the Retinomax and retinoscopy (0.22D) was 
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similar to that recorded between the Canon and retinoscopy (0.25D), while the two 
autorefractors produced quite similar cylinder readings (0.07D). These cylinder differences 
were small but statistically significant (p:SO.OOI ), and could be important in a diagnostic 
setting where optimal correction is required. Our findings concur with findings from the 
Singapore study, 12 which also showed only a smaller cylinder difference between the two 
autorefractors (0.06D), compared to the differences measured between retinoscopy and each 
of the respective autorefractors (0.31D and 0.25D)I 2 This was reinforced in a report by 
Kallay OP et al./40 in which 132 children and young adults (mean age: 11 years, SD I 0.8) 
were examined after cycloplegia using a Nikon autorefractor and a table-mounted Topcon 
RM-A 6000 autorefractor; very comparable cylinder readings (mean difference 0.02D) were 
found between the two autorefractors. 
In general, the Canon produced more hyperopic SE than the Retinomax for both 
genders (p<O.OOOI) and for most ethnic groups (p<O.OOOI) except for the Middle Eastern 
ethnicity where the readings were almost identical (Canon SE + 1.28D vs. Retinomax SE 
+ 1.29D, p=0.8). Additionally, retinoscopy produced more hyperopic SE than the Retinomax 
for both genders (p<0.05) and most ethnic groups except for Middle Eastern children 
(p=O.IO). To the best of our knowledge, this study is the first to compare such SE differences 
among children of various ethnicities. A possible explanation for these non-significant SE 
differences in the Middle Eastern children was the slightly higher hyperopic SE readings in 
these children than those of other ethnicities in the particular test groups. Therefore, it was 
possible that with greater hyperopic readings, the SE differences between the devices became 
smaller. However, this was not observed among Caucasian children, who also had relatively 
hyperopic readings compared to the other ethnic groups. It was also important to note that 
although children with Middle Eastern ethnicity had some contrasting significances to 
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children of other ethnicities for some tests, the relative small number of such children with 
completed refraction tests (n=13 for retinoscopy) prevents definitive conclusions to be made 
for this particular ethnic group. 
Strengths of this study included its large sample size compared with previous reports, 
and standardised examinations carried out by trained medical officers and orthoptists. By 
comparing only the same children with both refraction methods tested in each group, 
potential confounding variables, such as age and gender, were minimiseminimised. Further, 
this study may be the first to report ethnicity-related SE differences between the various 
methods of measuring refraction in preschool children. A potential limitation of this report 
includes that retinoscopy was generally performed after attempting to acquire autorefraction 
measures, therefore, its readings may be more variable as children may have been more tired 
near the conclusion of the examination. However, most retinoscopy readings were acquired 
or confirmed by one medical officer (RF) to minimise variability, and children were allowed 
to rest if they were tired from the other examinations. Another potential limitation was the 
person performing the retinoscopy was not masked to the autorefraction measurements, 
which could potentially biased the retinoscopy results. However, our retinoscopy results were 
nevertheless statistically different to the Retinomax measurements in this study, suggesting 
the likelihood that retinoscopy results could have been substantially influenced by known 
autorefraction results was low. 
Overall, we showed the Retinomax hand-held autorefractor consistently produced less 
hyperopic SE readings than both the Canon table-mounted autorefractor (+0.110) and 
retinoscopy ( +0.260) after cycloplegia in this preschool population, which persisted in both 
genders and some ethnic groups for most comparisons. Both autorefractors produced a higher 
magnitude of cylinder power by approximately 0.250 in preschool children compared to that 
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estimated by retinoscopy, while they produced very comparable cylindrical readings to each 
other ( -0.07D). These findings concur with the few preschool reports that have shown similar 
findings between the autorefractors and retinoscopy. 
In summary, although the Canon and Retinomax autorefractors are adequate 
screening and research tools, the observed differences between Retinomax and either 
retinoscopy or the Canon instrument may be of importance as the Retinomax has been used 
exclusively in recent, population-based studies of large paediatric samples8 •16 Further, 
caution may be needed when applying autorefraction readings in diagnostic settings, where 
measurements should be correlated with retinoscopy, before optical corrections are 
prescribed for children. 
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Table 4.1: Characteristics of preschool children analysed for the Canon autorefractor, the 
Retinomax autorefractor, and Retinoscopy compared to those children not analysed 
Canon Retinomax Retinoscopy Not Analysed p* 
n(%) n(%) n(%) n(%) 
Age, months 
6-<12 NA 43 (3.6) 43 (21.3) 245 (20.1) <0.0001 
12-<24 NA 52 (4.4) 52 (25.7) 334 (27.4) 
24-<36 60 (5.6) 100(8.4) 46 (22.8) 310(25.4) 
36-<48 214 (20.2) 225 (18.8) 21 (10.4) 137 (11.2) 
48-<60 259 (24.4) 255 (21.3) 19(9.4) 103 (8.4) 
60-<72 290 (27.3) 282 (23.6) 13 (6.4) 56 (4.6) 
72-84 239 (22.5) 238 (19.9) 8 (4.0) 36 (2.9) 
Gender 
Female 516 (48.6) 573 (47.9) 94 (46.5) 560 (45.9) 0.29 
Male 546 (51.4) 622 (52.1) 108 (53.5) 661 (54.1) 
Ethnicity 
Caucasian 483 (45.5) 545 (45.7) 100 (49.5) 554 (45.4) 0.50 
East Asian 237 (22.3) 267 (22.3) 46 (22.8) 241 (19.7) 
South Asian 136 (12.8) !55 (13.0) 24 (11.9) 169 (13.9) 
Middle Eastern 95 (9.0) 102 (8.5) 13 (6.4) 115 (9.4) 
Others/Mixed Ill (10.4) 126 (10.5) 19 (9.4) 141 (11.6) 
Total 1062 1195 202 1221 
Mean SE,# 1.28 1.14 1.17 1.21 0.15 
(95% CI) ( 1.23-1.34) (1.09-1.20) (1.04-1.30) ( 1.14-1.28) 
*p value comparing analysed versus non-analysed children 
#SE = Spherical Equivalent in diopters 
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Table 4.2: Spherical equivalent and cylinder measurements by different devices 
SE,D Cyl, D 
Canon and Retinomax Group, n=l040 
Canon 
Mean +1.28 -0.44 
95%CI + 1.22 to + 1.34 -0.47 to -0.41 
Retinomax 
Mean +1.18 -0.36 
95%CI +1.12 to +1.24 -0.39 to -0.34 
Retinoscopy vs. Retinomax Group, n=l80 
Retinoscopy 
Mean +1.15 -0.54 
95%CI +1.01 to +1.29 -0.63 to -0.45 
Retinomax 
Mean +0.89 -0.76 
95%CI +0.72 to +1.05 -0.86 to -0.65 
Canon vs. Retinoscopy Group, 
n=47 
Canon 
Mean +1.09 -0.70 
95%CI +0.90to+I.29 -0.89 to -0.51 
Retinoscopy 
Mean +1.08 -0.45 
95%CI +0.86 to + 1.30 -0.60 to -0.30 
* JO and 145, Jackson cross-cylinders at axes 0° and 45° 
SE = spherical equivalent refraction, Cyl = cylinder power 
CI = confidence interval, D = diopters 
JO* ]45* 
+0.10 -0.02 
+0.08 to +0.11 -0.03 to -0.009 
+0.09 -0.02 
+0.07 to +0.10 -0.03 to -0.01 
-0.03 -0.007 
-0.09 to +0.03 -0.02 to +0.0 I 
+0.08 -0.02 
+0.01 to+O.l4 -0.05 to +0.02 
+0.07 -0.03 
-0.05 to +0.19 -0.10 to +0.04 
+0.04 +0.003 
-0.05 to +0.13 -0.05 to +0.06 
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Table 4.3: Summary of mean differences, 95% confidence intervals, and 95% limits of 
agreement 
Canon vs. 
Retinomax 
95%CI 
95% limits of 
agreement 
p valuet 
Retinoscopy vs. 
Retinomax 
95%CI 
95% limits of 
agreement 
p valuet 
Canon vs. 
Retinoscopy 
95%CI 
95% limits of 
agreement 
p valuet 
SE,D Cyl, D 
+0.11 -0.07 
+0.09 to +0.12 -0.09 to -0.05 
-0.53 to +0.74 -0.73 to +0.58 
<0.0001 <0.0001 
+0.26 +0.22 
+0.16 to +0.35 +0.13 to +0.30 
-1.06 to + 1.58 -0.93 to+ 1.37 
<0.0001 <0.0001 
+0.01 -0.25 
-0.15 to +0.17 -0.40 to -0.10 
-1.07 to +1.10 -1.25 to +0.75 
0.88 0.001 
*JO andJ45, Jackson cross-cylinders at axis 0° and 45° 
JO* J45* 
+0.01 +0.002 
+0.00 to +0.02 -0.007 to +0.01 
-0.31 to +0.33 -0.30 to +0.31 
0.05 0.61 
-0.11 +0.01 
-0.17 to -0.04 -0.02 to +0.05 
-1.01 to +0.80 -0.50 to +0.53 
0.003 0.46 
+0.03 -0.04 
-0.09 to +0.15 -0.10 to +0.02 
-0.76 to +0.82 -0.47 to +0.38 
0.62 0.19 
tp value comparing the measurements between two devices in each test group 
SE = spherical equivalent refraction, CI = confidence interval, D = diopters 
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Figure 4.1: Mean spherical equivalent (SE) ±standard error in the right eye of preschool 
children who completed both Retinomax and Canon autorefraction (n=l040}, stratified by: a) 
age, and b) gender and ethnicity 
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*p value< 0.0001 comparing SE measurements between Retinomax and Canon 
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l 
Figure 4.2: Mean spherical equivalent (SE) ± standard error in the right eye of preschool 
children who completed both Retinomax autorefraction and Retinoscopy (n=l80), stratified 
by: a) age, and b) gender and ethnicity 
a) 
2.0 
1.8 
1.6 
"' 
1.4 
~ 
C]) 
-a. 1.2 
_Q 
"0 
w 1.0 
(/) 
c: 0.8 <ll C]) 
:2 
0.6 
0.4 
0.2 
0.0 
• 
ORetinomax 
Ll Retinoscopy 
f 
f 
• • 
p=0.3 
p=0.1 
• 
p=1.0 
6-11 12-23 24-35 36-47 48-59 60-71 72+ 
Age, months 
* p value< 0.05 comparing SE measurements between Retinomax autorefractor and 
retinoscopy. 
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Figure 4.3: Mean spherical equivalent (SE) ± standard error in the right eye of preschool 
children who completed both Canon autorefraction and Retinoscopy (n=47), stratified by: a) 
age, and b) gender and ethnicity 
a) 
1.8 
1.7 
1.6 
1.5 
1.4 
1.3 
~ 1.2 
Q) 
- 1.1 0. 
.Q 1.0 "0 
w 0.9 (/) 
c: 0.8 !t1 
Q) 
0.7 :::2: 
0.6 DCanon 
0.5 t:. Retinoscopy 
0.4 
0.3 
0.2 
24-35 36-47 48-59 60-71 72+ 
Age, months 
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Figure 4.4: Bland-Altman plots with 95% limits of agreement of the a) SE and b) Cylinder 
difference between the Retinomax and Canon autorefractor measurements (n= 1 040) 
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Figure 4.5: Bland-Altman plots with 95% limits of agreement of the a) SE and b) Cylinder 
difference between the Retinomax autorefractor and Retinoscopy measurements (n=l80) 
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Figure 4.6: Bland-Altman plots with 95% limits of agreement of the a) SE and b) Cylinder 
difference between the Canon autorefractor and Retinoscopy measurements (n=47) 
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Chapter 5 
Prevalence and Risk Factors for 
Visual Impairment 
Related Publication: 
Pai A, Wang JJ, Samarawickrama C, Burlutsky G, Rose KA, Varma R, Wong TY, Mitchell 
P. Prevalence and Risk Factors for Visuallmpairment in Preschool Children: The Sydney 
Paediatric Eye Disease Study. Ophthalmology. 2011 Aug;ll8(8): 1495-500. 
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Prevalence and Risk Factors for Visual Impairment 
Abstract 
Purpose: To assess the prevalence and associations of visual impairment (VI) io preschool 
children. 
Design: Cross-sectional, population-based study. 
Participants: 2461 children (73.8% participation rate), aged 6-72 months, were examined in 
the Sydney Paediatric Eye Disease Study during 2007-09; of whom 1188, aged 30-72 
months, with complete visual acuity (VA) data in both eyes, were included this report. 
Methods: Measurement of VA was attempted on all children using the Electronic Visual 
Acuity (EVA) system and/or using a Logarithm of the Minimum Angle of Resolution 
(LogMAR) chart. VI was defined as presenting VA <20/40 in children aged 2:48 months, and 
<20/50 in those aged <48 months. Post-cycloplegic refraction was measured, and myopia was 
defined as spherical equivalent (SE) :S -0.50 diopters (D), hyperopia as SE 2: 2.00D, 
astigmatism as cylinder 2: l.OOD, and anisometropia as SE difference 2:1.00D between two 
eyes. Ethnicity, birth parameters, and social-demographic information were collected in 
questionnaires completed by parents. 
Main Outcome Measures: Visual impairment prevalence and its associations with child 
demographic factors and birth parameters. 
Results: VI was found in 6.4% of the worse eye and 2.7% of the better eye in our sample. 
Refractive errors (69.7%) and amblyopia (26.3%) were the principal causes of VI in the 
worse eye. Astigmatism (51.3%) and hyperopia (28.9%) were the main refractive errors 
causing VI. In regression analysis controlling for other factors, VI was independently 
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associated with low birthweight of <2500g (odds ratio 2.4, 95% confidence interval 1.1-5.3), 
but not with age, gender, ethnicity, or measures of socio-economic status (p > 0.05). 
Conclusions: VI in at least one eye was found in 6.4% of Australian preschool children, with 
bilateral VI found in 2. 7%. Uncorrected refractive errors and amblyopia were the principal 
ocular conditions associated with VI, with low birthweight as a significant risk factor, 
independent of age, gender, and ethnicity. 
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Introduction 
Visual impairment (VI) in school-aged and adult populations have been extensively 
reported.17•18·29•41 .45·51 •52 In children, VI is around 3- to 10- fold more common than 
blindness,65•149 which is estimated to affect 1.4 million children worldwide21 '149 However, 
there are limited reports on the prevalence of VI in preschool children (typically younger than 
the age of 6 years), in part due to the difficulty in accurately assessing vision in this age 
group. Recently, the Baltimore Paediatric Eye Disease Study group (BPEDS)16 and the Multi-
Ethnic Paediatric Eye Disease Study group (MEPEDSt3 reported on the prevalence of 
reduced vision in large population-based samples in the United States, finding that VI 
affected 1-7% of children aged 30 to 71 months in these samples. Another study conducted in 
China, 65 using different VI definitions, reported a lower VI prevalence of less than I% in 
both eyes of children aged 3 to 6 years. 
Previous reports have shown uncorrected refractive errors to be the major cause of VI 
in children, 16"18 ,24,25'32'63'65 '150 including astigmatism, 16-18'63 myopia, 16'18'63 and excessive 
hyperopia. 17'18'63 Other reported causes of VI include amblyopia, 17'18'63 '65 '150 congenital 
cataract,65 and retinal disorders. 18·65 Furthermore, risk factors for VI in preschool children are 
not well studied. 
In this report, we aimed to assess the prevalence, associations and possible causes of 
VI, in a sample of preschool-aged children from various ethnic backgrounds, in Sydney, 
Australia. 
Specific Methods 
Participants 
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From the 2461 participants, visual acuity (VA) assessments in children younger than 
30 months of age were excluded from this report due to variability between the testing 
procedures and lower testability in this age group. Therefore, only 1188 children aged 
between 30 and 72 months, with complete and reliable VA assessments using either the 
Electronic Visual Acuity (EVA) system or a Logarithm of Minimum Angle of Resolution 
(LogMAR) chart, were included in this report. 
Examinations 
Assessment of VA followed standardised protocols based on age of child. In children 
aged 30 months or older, monocular distance VA was assessed using the EVA system12\Jaeb 
Centre for Health Research, Tampa, Florida), with single- surround HOTV optotypes read at 
3 meters. Children were assessed using Lea symbols with matching cards if they were unable 
to identify or verbalise the letters. A subset of children aged 30 months or older was assessed 
using the Logarithm of the Minimum Angle of Resolution (LogMAR) chart, Early Treatment 
Diabetic Retinopathy Study (ETDRS) or HOTV pattern at 2.44m (Vector Vision CSV-1000, 
VectorVision, Inc., Dayton, OH}, in addition to the EVA. Most children younger than 30 
months of age were assessed using Teller Acuity Cards II (Stereo Optical Co. Inc., Chicago, 
IL) and were not included in the analyses. Children were assessed wearing their spectacles if 
these were brought to the examinations. 
As some children had repeat VA testing, either using the same or a different VA test 
on the same day or on a separate day, we used the best presenting VA results from all visits in 
this report. 
Refraction measurements were attempted on all children after adequate cycloplegia, 
achieved using cyclopentolate (I% in children aged 12 to 72 months) instilled twice in each 
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eye, 5 minutes apart, after amethocaine 0.5%. Additional tropicamide I% and/or 
phenylephrine 2.5% were sometimes administered to children with dark irides or in those 
who failed to dilate. Refraction was measured using a hand-held Retinomax K-Pius 2 
autorefractor (Nikon Corporation, Tokyo, Japan), at least 25 minutes after the last cycloplegic 
eye drops. Children aged 30 months or older also had their refraction assessed using the 
Canon RK-Fl table-mounted autorefractor (Canon, Tokyo, Japan). If both autorefraction 
measures failed after multiple attempts, streak retinoscopy in a dimly lit room was performed 
by a trained medical officer. In children for whom autorefraction was obtained on both the 
Canon and Retinomax instruments, we used those measurements acquired using the Canon 
autorefractor, as a recent study suggested that the Retinomax produced slightly less hyperopic 
spherical equivalent (SE) readings than either the Canon table-mounted device or 
retinoscopy, while the Canon autorefractor produced quite comparable results to retinoscopy, 
after cycloplegia, in a sample of preschool children. 12 Children whose parents refused to have 
eye drops instilled were excluded from these analyses. 
Spectacles used by both the children and parents, when provided, were measured 
using a vertometer (Nidek LM990 Auto Lensmeter, Nidek Co. Ltd., Japan). 
Questionnaires 
Two questionnaires (113-item and 63-item) were completed by parents. Detailed 
information was collected on the following: self-reported ethnicity (European Caucasian 
[referred to as Caucasian in this report], East Asian, South Asian [Indian/Sri 
Lankan!Pakistani], Middle Eastern, or Others/Mixed), parental education (the highest level of 
education completed by either parent: University or higher degree, technical college or a 
diploma, or high school), parental employment (employed part-time or full-time, 
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unemployed, home duties, retired) and home ownership (owned apartment/house, rented 
apartment/house), ocular history (amblyopia, strabismus, myopia, hyperopia, astigmatism, 
any ophthalmic surgery, use of spectacles/glasses), medical history (any medical condition 
including asthma, cerebral palsy, heart condition, speech problems, hearing problems, 
diabetes, tumour or cancer, meningitis or encephalitis, autism, any previous surgery), 
pregnancy history (toxaemia, pre-eclampsia, anaemia, high blood pressure, gestational 
diabetes), parental smoking and maternal consumption of alcohol (during pregnancy and at 
any other time). Information was also obtained from government-issued personal health 
records for children born in Australia (blue books) including birth parameters (weight in 
grams [g] at time of birth, length in centimetres [em], weeks of gestation at time of delivery) 
and growth charts (height [em], weight [g], and head circumference [em]). Information was 
provided by the parents of 67.5% (802/1188) preschool participants in this sample. 
Definitions 
Visual Impairment 
VI was defined as the best presenting VA< 20/50 (Snellen equivalent 6/15, LogMAR 
score 0.4) in children aged< 48 months and< 20/40 (Snellen equivalent 6/12, LogMAR 
score 0.3) in children aged 2: 48 months.63 The better eye was defined as the eye with better 
VA, and the worse eye as the eye with the worse VA. Thus, all children with VI in their 
better eye (n=32) had VI present in both eyes. 
Refractive Errors 
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Myopia was defined as spherical equivalent (SE, sphere+ Y:z cylinder)~ -0.50 
diopters (D), hyperopia as SE:::: +2.000, astigmatism as cylinder power:::: 1.000, and 
anisometropia as an SE difference :::: 1.000 between the two eyes. 
Amblyopia 
Amblyopia and suspected cases of amblyopia were defined adopting criteria used by the 
MEPEDS63 
Unilateral amblyopia was defined as a 2-line difference in best presenting VA between 
two eyes, in addition to at least one of the following factors: a) Constant or intermittent 
strabismus, b) Previous strabismus surgery, c) Anisometropia consistent with the worse eye 
(:::: 1.000 SE anisohyperopia,:::: 3.000 SE anisomyopia, or:::: 1.500 anisoastigmatism), and/or 
d) Evidence of past or present visual axis obstruction for at least one week (e.g. cataract, 
pseudophakia, aphakia, significant corneal opacity, ptosis, or eyelid haemangioma). 
Bilateral amblyopia was defined as bilateral decreased best presenting VA with either 
past history of bilateral visual axis obstruction, or bilateral significant ametropia(::;:: 4.000 SE 
hyperopia, :::: 6.000 SE myopia, or:::: 2.500 astigmatism). 
Children meeting both unilateral and bilateral amblyopia criteria were classified as 
unilateral. Children with coexisting fundus or anterior segment abnormalities precluding 
normal vision were not considered amblyopic. Those with a previous history of amblyopia or 
amblyopia treatment (patch+/- spectacles) were included as having amblyopia. Letters from 
treating ophthalmologists were obtained to confirm cases of amblyopia when possible. 
Birth Parameters 
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Low birthweight was defined as birthweight < 2500g, and prematurity was defined as 
gestation of less than 3 7 weeks. 
Statistical Analysis 
SAS (version 9.1.3, SAS institute, Cary, NC) was used to analyse the data in this 
report. Only children with reliable VA measurements (either EVA and/or LogMAR) in both 
eyes were included in the analysis (n=ll88). 
T -tests were used to compare means for continuous variables, and chi-square tests 
were used to compare proportions of categorical factors in the VI and non-VI groups, and to 
compare VI prevalence between the studies. Multi-variable adjusted logistic regression 
models were constructed to assess associations with VI while adjusting for age, gender, and 
ethnicity. Odds ratios (OR), and 95% confidence intervals (CI) are reported. We also used 
stepwise logistic regression modeling to evaluate the effects of individual factors in VI cases. 
Results 
After excluding children with incomplete VA data, 1188 children were included in 
this report. The mean age was 52.0 months, with similar proportions of girls ( 48.7%) and 
boys (51.3%). Caucasian was the dominant ethnicity (47.1 %), followed by East Asian 
(21.4%), South Asian (13.5%), Other ethnicities/Mixed ethnicity (9.8%), and Middle Eastern 
(8.2%). Approximately half of the tested children had at least one parent with a university 
degree (51.8%), 83.1% of children had at least one parent working full-time or part-time, and 
most (60.7%) owned their homes (Table 5.1). Compared to children with VA tested only 
using Teller acuity cards (who were considered not to have VA tested in this report) or with 
missing VA data (n=l45, mean age= 36.7 months), the children with complete VA results 
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(n=ll88, mean age 52.0 months) were significantly older (p<O.OOOl ), and had a higher 
proportion of girls (p=0.002). However, no significant differences were observed between 
most ethnic groups (p=0.06), or socio-economic status (all p > 0.05) and the mean SER 
(p>0.05) in the tested and non-tested groups. 
Figure 5.1 shows the VA distribution in our sample for both the better and worse 
eyes. The mean presenting VA was 20/25 in both eyes. VI in the worse eye was found in 
6.4% (Table 5.2), and VI in the better eye was found in 2.7% of the sample (Table 5.3). The 
number of children with VI in the worse eye increased steadily with increasing age, but there 
was no obvious age-related trend for VI in the better eye. 
The most frequent ocular conditions causing VI in this preschool age-group were 
uncorrected refractive errors ( 69.7% ), mainly related to astigmatism ( 51.3% of cases) and 
hyperopia 2: +2.000 (28.9%) (Table 5.4). Amblyopia and suspected amblyopia accounted for 
20 (26.3%) of the VI cases, and strabismus was found in 5 (6.6%) children with VI. There 
were only 2 children (2.6%) with retinal disorders among those found to have VI in our 
sample. Two children had corneal lesions which did not affect vision. 
Table 5.5 shows associations of VI in the worse eye with various factors after 
adjusting for age, gender, and etlmicity. We found no significant associations of VI with 
increasing age (monthly increments), male gender, etlmicity (Caucasian compared to other 
etlmicities ), or socio-economic factors including parental education, parental employment, 
and house ownership (all p >0.05). Children with low birthweight (<2500g) were more likely 
to have VI (OR 2.45, CI 1.14-5.26) than those with birthweight over 2500g. However, 
prematurity or pre-term birth <37 weeks (OR 1.91, CI 0.87-4.18) was not significantly 
associated with VI. Maternal smoking during pregnancy (OR 2.22, CI 1.00-4.91, p = 0.049) 
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showed a borderline association with VI after adjusting for age, gender, and ethnicity. Using 
stepwise logistic regression analysis, we found that amblyopia (OR 30.24, 95% CI 8.66-
105.58), astigmatism (OR 6.66, 95% CI 3.30-13.43), and low birthweight (OR 4.99, 95% CI 
1.81-13.76) remained independently and significantly associated with VI in this preschool 
cohort. 
Our overall VI prevalence in the better eye was almost identical to the MEPEDS63 (p 
> 0.99) and was slightly higher than the BPEDS16 (p=O.Ol) (Figure 5.2). We found that 
children of South Asian (8.8%, 14/160) and East Asian (6.3%, 16/254) ethnicities had a 
higher VI prevalence than children of Caucasian (5.7%, 32/560) and Middle Eastern (5.1%, 
5/98) ethnicities, although this difference was not statistically significant (data not shown). 
Discussion 
Using essentially identical definitions, the MEPEDS63 reported a worse eye 
presenting VI prevalence of 5.9% in African-American and 7.1% in Hispanic preschool 
children, and a better eye VI prevalence of 2.8% in African-American and 2.5% in Hispanic 
children. BPEDS reported similar VI prevalence in one or both eyes in 3.5% of white 
children, and in 4.4% of black children. 16 Our results are in keeping with the findings from 
these two studies. However, the Beijing Study of Visual Impairment in Children, which 
examined 28,738 children from a similar age range (3 to 6 years),65 reported a much lower 
bilateral Vl prevalence of 0.4%. They defined VI differently to our study using a VA 
threshold of <20/60 ( 6/18, World Health Organization, WHO, definition), which may not be 
as appropriate for children in the preschool age range as suggested by recent reports66•67 
Findings from our study reinforce the importance of detecting refractive errors in 
young children, as uncorrected or under-corrected refractive errors are the predominant 
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conditions associated with correctable visual loss and amblyopia17'18'63 Our findings are also 
in keeping with those from 6 year-old children who participated in the Sydney Myopia Study 
(SMS), 17 in which 69.0% of children with VI had uncorrected refractive errors compared to 
69.7% in SPEDS. 17 Similarly, the BPEDS,16 MEPEDS,63 and a recent Australian survey that 
included indigenous children, 150 also reported uncorrected ametropia to be the leading 
condition associated with reduced VA, accounting for 2:50% of VI cases in their 
samples.l6,63,65,1so 
Astigmatism and hyperopia were the most frequent refractive errors causing VI in our 
preschool cohort, consistent across the various ethnic groups. Among Caucasian children 
with VI due to refractive errors (n=16), the majority had either astigmatism (8/16) or 
hyperopia (9/16), with none found to be myopic. Similarly, a high proportion of children with 
VI from East Asian (n=12) and South Asian ethnicities (n=l4) were found to have 
astigmatism (10/12, 11114) and/or hyperopia (5/12, 5/14), with few found to be myopic (1/12, 
2/14). Our findings were comparable to those among white children in the BPEDS, 16 
Hispanic children in the MEPEDS,63 and 6 year-old children in the SMS, 17 where 
astigmatism and hyperopia accounted for the majority of VI cases in all these studies. 
Amblyopia was associated with VI in 20 (I. 7% of 1188) of our preschool children. 
This finding is comparable to amblyopia-related worse eye VI in 1.4% of African-American 
and 1.7% of Hispanic children from the MEPEDS.63 Most cases of amblyopia and suspected 
amblyopia were ultimately related to high ametropia in our sample, with relatively infrequent 
strabismus, as in findings from the MEPEDS.63 Only 3 of the 76 children with VI in the 
worse eye were prescribed spectacles for refractive correction before the SPEDS 
examinations, of whom 2 were diagnosed as potentially amblyopic. This low rate of 
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refractive correction in our VI cases reflects the need to improve public awareness of her 
underlying diagnosis, and screening services for common eye conditions in children. 
VI secondary to ocular pathologies was uncommon in our study. Only 2 children 
(0.2% of 1188) had retinal disorders likely to cause low vision (I case with Leber's 
congenital amaurosis and I with Coat's disease). This finding was consistent with the low VI 
prevalence (0.2%, 6/3835) from ocular diseases reported in the MEPEDS,63 and the 2 VI 
children (0.1% of 1738) found with retinal abnormalities in the 6 year-old SMS sample. 17 We 
found 13 children with VI who had no discemable ophthalmic causes. It is possible that these 
children were poor testers as they were not able to be tested on a second occasion in our 
study. These children were referred for follow-up by ophthalmologists. 
The MEPEDS reported that prevalent VI increased with age, with a notable peak at 
around 48-59 months, likely reflecting the improved VA testability in older children?·6 
Similarly, we found an increase in the worse-eye VI prevalence with increasing age. Of 
the many factors we examined, low birth weight ( <2500g) was a significant risk factor 
associated with VI in our preschool sample, after adjusting for age, gender, and ethnicity. 
Infants born with lower birth weight have been shown to be at risk of longer term visual 
impairment and other sensory and motor deficits. 151·m Children with extremely low 
birthweight, generally born preterm, expose their incomplete visual systems to elevated levels 
of oxygen, early light stimulus and nutritional changes, that may result in altered visual 
development. 152 We previously reported that 6 year-old children with modest low birthweight 
( <2500g) had a higher prevalence of low vision than children with normal birthweight. 153 
Given the consistency of the findings on this association, children with low birth weight are 
recommended to be monitored and screened for vision abnormalities during the period of 
visual development. 
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Key strengths of our study included its relatively large sample size, standardised 
examinations and protocols carried out by trained medical professionals and orthoptists, who 
were experienced with children. We acknowledge that best subjective VA would be optimal 
to estimate the prevalence of correctable VI in our study. However, due to practical 
difficulties in accurately assessing VA in preschool children, we elected to report only on the 
best presenting VA, with children wearing their own spectacles if brought to the 
examinations. 
In summary, we provide population-based data on the prevalence of VI and risk 
factors associated with VI in a large sample of Australian preschool children, with diverse 
ethnic and cultural backgrounds. We found that VI was present in 6.4% (worse eye) and 2.7% 
(better eye) of this preschool sample. Refractive errors ( 69.7%) were the main conditions 
among the VI cases, particularly astigmatism and hyperopia, which accounted for 51.3% and 
28.9% of VI cases respectively. Amblyopia was the next most frequently associated 
condition, accounting for 26.3% of VI cases. Low birthweight was a major risk factor 
significantly associated with VI. Our findings reinforce the importance of detecting VI, 
correcting refractive errors, and in treating amblyopia in young children, particularly among 
children of low birthweight, to ensure the development of optimal vision prior to schooling. 
Longitudinal studies to assess long-term outcomes from VI in very young children may help 
to understand better the potential burden of VI, and assist in determining the most cost-
effective measures to screen and prevent blindness in the community. 
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Table 5.1: Characteristics of children tested for visual acuity (VA) using the Electronic 
Visual Acuity system (EVA) or LogMAR, compared to children not tested in SPEDS. 
Tested, No.~%~ Not Tested, No.~%~ P value* 
Total 1188 145 
Age, months 
30-35 147 (12.4) 92 (63.5) 0.0001 
36-47 328 (27.6) 38 (26.2) <0.0001 
48-59 355 (29.9) 10 (6.9) 0.09 
60-72 358 (30.1) 5 (3.5) 0.04 
Gender 
Female 578 (48.7) 51 (35.2) 0.002 
Male 610 (51.3) 94 (64.8) 
Ethnicity 
Caucasian 560 (47.1) 62 (42.8) 0.32 
East Asian 254 (21.4) 21 (14.5) 0.03 
South Asian 160 (13.5) 24 (16.5) 0.31 
Middle Eastern 98 (8.2) 16 (11.0) 0.31 
Others/Mixed 116(9.8) 22 (15.2) 0.08 
Parental Education 
2: University 449 (51.8) 47 (48.0) 0.33 
Parental employment 
At least I employed 719 (83.1) 79 (80.6) 0.53 
Housing Ownership 
Yes 523 (60.7) 60 (61.9) 0.83 
Mean SER 
Worse eye 1.29 ( 1.23-1.35) 1.83 (0.30-3.36) 0.47 
Better eye 1.28 ( 1.22-1.34) 1.73 (0.37-3.09) 0.50 
•p value comparing children tested for VA versus children not tested for VA. 
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Table 5.2: Distribution of presenting visual acuity in tbe worse-seeing eye by age 
Age, montbs 
30-35 36-47 48-59 60-72 All 
n=l47 n=328 n=355 n=358 n=1188 
VA n (% of age group) n(%) 
?:20/16 0 (0.0) 0 (0.0) 7 (2.0) 8 (2.2) 15 (1.3) 
20/20 10 (6.8) 77 (23.5) 99 (27.9) 77 (21.5) 263 (22.1) 
20/25 54 (36.7) 112 (34.2) 159 (44.8) 178 (49.7) 503 (42.3) 
20/32 53 (36.1) 93 (28.4) 64 (18.0) 65 (18.2) 275 (23.1) 
20/40 16 (10.9) 21 (6.4) 11 (3.1) 23 (6.4) 71 (6.0) 
20/50 8 (5.4) II (3.4) 10 (2.8) 2 (0.6) 31 (2.6) 
go/63 6 (4.1) 14 (4.3) 5 (1.4) 5 (1.4) 30 (2.5) 
Total no. of VI II (0.9) 18 (1.5) 23 (1.9) 24 (2.0) 76 (6.4) 
VA- Visual acuity 
VI= Visual impairment 
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Table 5.3: Distribution of presenting visual acuity in tbe better-seeing eye by age 
Age, months 
30-35 36-47 48-59 60-72 All 
n=l47 n=328 n=355 n=358 n=ll88 
VA n (% of age group) n(%) 
2: 20/16 I (0.7) 15 (4.6) 26 (7.3) 16(4.5) 58 (4.9) 
20/20 20 (13.6) 97 (29.6) 126 (35.5) 124 (34.6) 367 (30.9) 
20/25 67 (45.6) 120 (36.6) 149 (42.0) !59 (44.4) 495 (41.7) 
20/32 43 (29.3) 67 (20.4) 44(12.4) 45 (12.6) 199 (16.8) 
20/40 9 (6.1) 13 (4.0) 5 (1.4) 9 (2.5) 36 (3.0) 
20/50 6 (4.1) 8 (2.4) 3 (0.9) 3 (0.8) 20(1.7) 
:5 20/63 I (0.7) 8 (2.4) 2 (0.6) 2 (0.6) 13(1.1) 
Total no. of 4 (0.3) 12 (1.0) 7 (0.6) 9 (0.8) 32 (2.7) 
VI 
VA - Visual acuity 
VI = Visual impairment 
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Table 5.4: Ocular conditions found associated with visual impairment in the worse eye of 
preschool children 
Ocular Conditions Number(%) of children with VI* 
Refractive Errors 
Any 
Myopia SE :'S -0.50D 
Hyperopia SE 2: 2.00D 
Astigmatism, cylinder 2: l.OOD 
Amblyopia 
Anisometropia, SE 2: l.OOD 
Strabismus 
Esotropia 
Exotropia 
Retinal abnormality 
SE - spherical equivalent refraction VI - Visual Impairment 
D = diopters 
*One child with VI had missing SE data 
53 (69.7) 
8 (10.5) 
22 (28.9) 
39 (51.3) 
20 (26.3) 
4 (5.3) 
5 (6.6) 
4 (5.3) 
1 (1.3) 
2 (2.6) 
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Table 5.5: Multivariate associations with visual impairment in the worse eye of preschool-
aged children, the Sydney Paediatric Eye Disease Study 
Associated Factors 
Low birthweight <2500g 
Prematurity <37 weeks 
Maternal smoking during pregnancy 
Myopia 
Hyperopia 
Astigmatism 
Anisometropia 
Amblyopia 
Strabismus 
Esotropia 
Exotropia 
OR(95% CI)* 
2.45 (1.14-5.26) 
1.91 (0.87-4.18) 
2.22 (1.00-4.91) 
4.16 (1.87-9.21) 
2.89 (1.72-4.84) 
7.72 (4.70-12.68) 
3.85 (1.51-9.82) 
43.95 (17.43-110.8) 
2.38 (0.89-6.37) 
11.20 (2.90-43.29) 
0.55 (0.07-4.12) 
*Odds ratios (OR) and 95% confidence intervals (CI), adjusted for age, gender, and ethnicity. 
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Figure 5.1: Distribution of visual acuity in the better and worse eye of preschool children in 
the Sydney Paediatric Eye Disease Study (SPEDS) 
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Figure 5.2: Prevalence of visual impairment in the better eye of children in the Sydney 
Paediatric Eye Disease Study (SPEDS), the Multi-Ethnic Paediatric Eye Disease Study 
(MEPEDS), and the Baltimore Paediatric Eye Disease Study (BPEDS) 
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Chapter 6 
Amblyopia Prevalence and 
Predicting Factors 
Related Publication: 
Pai A, Rose KA, Leone JF, Sharbini S, Burlutsky G, Varma R, Wong TY, Mitchell P. 
Amblyopia Prevalence and Risk Factors in Australian Preschool Children. Ophthalmology. 
2012 Jan;ll9(1):138-44. 
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Amblyopia Prevalence and Predicting Factors 
Abstract 
Purpose: To determine the prevalence of and factors associated with amblyopia in a sample 
of Australian preschool children. 
Design: Population-based, cross-sectional study. 
Methods: The Sydney Paediatric Eye Disease Study examined 2461 (73.8% participation) 
children aged between 6 and 72 months, during 2007-09. Visual acuity (VA) was assessed in 
children aged 30+ months using the Electronic Visual Acuity (EVA) system, and a subset 
using the Logarithm of the Minimum Angle of Resolution (LogMAR) chart. Amblyopia was 
categorised into unilateral and bilateral subtypes: unilateral amblyopia was defined as a 2-line 
difference in reduced VA between the two eyes, in addition to strabismus, anisometropia, 
and/or visual axis obstruction; bilateral amblyopia was defined as bilateral reduced VA with 
either bilateral visual axis obstruction, or significant bilateral ametropia. Information on 
ethnicity, birth parameters, and measures of socio-economic status were collected in 
questionnaires completed by parents. 
Main Outcome Measures: Amblyopia. 
Results: 1422 children aged 30 to 72 months were included, of whom 27 (1.9%) were found 
to have amblyopia or suspected amblyopia. Mean spherical equivalent for the amblyopic eyes 
was + 3.57 diopters (D), with a mean VA of 20/50. Only 3 of the 27 amblyopic children had 
previous diagnoses or treatments for amblyopia. In regression analysis controlling for age, 
gender, and ethnicity, amblyopia was significantly associated with hyperopia (odds ratio 
[OR]15.3, 95% confidence interval [CI] 6.5-36.4), astigmatism (OR 5.7, CI 2.5-12.7), 
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anisometropia (OR 27.8, CI 11.2-69.3), and strabismus (OR 13.1, CI 4.3-40.4). There were 
no significant associations of amblyopia with low birthweight ( <2500g), pre-term birth ( <3 7 
weeks), maternal smoking, age, gender, ethnicity, or measures of socio-economic status (all 
p>O.OS). 
Conclusions: Amblyopia was found in 1.9% of this Australian preschool sample, comparable 
to prevalence rates reported by other recent studies in preschool children. Refractive errors, 
particularly significant hyperopia and astigmatism, in addition to anisometropia and 
strabismus, were the major amblyogenic factors. There was a low amblyopia detection rate in 
this preschool population, which suggests that different strategies are required to improve 
current vision screening strategies in preschoolers. 
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Introduction 
Amblyopia, derived from the Greek word meaning 'blunt or blurry vision', is 
commonly defined as defective visual acuity not attributed to an overt pathological cause86 It 
is a leading cause of visual impairment in both childhood17•18•63 and adult populations,41 •70·154 
and is estimated to affect around I to 6% of children worldwide.71 ' 81 Individuals with 
amblyopia in one eye are at an increased risk of losing vision in the fellow eye, 133•134•155 with 
nearly a doubled lifetime risk of bilateral visual loss. 133 
We previously reported an amblyopia prevalence of 1.8% in older 6-year-old Sydney 
school children,71 with anisometropia (34.4%) and strabismus (37.5%) or both (18.8%) as the 
major factors. Recent population-based studies among younger preschool children aged less 
than 6 years, using similar amblyopia definitions and methodology, have reported prevalence 
rates ranging from 0.8% to 2.6% in their samples. 73' 75 However, only one of these studies 
commented on measures of socio-economic status, 75 and none have reported on the 
distribution of visual acuity (VA) in amblyopic children and whether amblyopia was 
associated with birth parameters or other factors. 
We aimed in this report, to determine the prevalence and factors associated with 
amblyopia, and its VA and spherical equivalent distribution, in a sample of preschool 
children, residing in Sydney, Australia. 
Specific Methods 
Participants 
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Of2461 children examined, 1039 children aged 30 months and younger were 
excluded because of variable visual acuity (VA) testability. Thus, 1422 children with 
complete VA data were included in this report. 
Examinations 
Visual Acuity 
Monocular VA in children aged 2:: 30 months was assessed using the Electronic Visual 
Acuity (EVA) system122 (Jaeb Centre for Health Research, Tampa, Florida), with single-
surround HOTV optotypes read at 3 meters. A subset of children was assessed using the 
Logarithm of the Minimum Angle of Resolution (LogMAR) chart, ETDRS (Early Treatment 
Diabetic Retinopathy Study) or HOTV pattern at 2.44m (VectorVision CSV-1000, 
VectorVision Inc., Dayton, OH) in addition to the EVA. Children were assessed using Lea 
symbols with matching cards if they were unable to identify or articulate the letters. Most 
children aged 30 months or younger and those unable to complete the EVA or LogMAR were 
assessed using Teller Acuity Cards II (Stereo Optical Co. Inc., Chicago, IL). Children were 
examined wearing their own spectacles if these were brought to the examinations, as 
requested. Spectacles used by the child were measured using a vertometer (Nidek LM990 
Auto Lensmeter, Nidek Co. Ltd., Japan). Some children had repeat VA testing, either using 
the same or a different VA test on the same day or on a separate day. In these children, we 
used the best presenting VA results from all visits in this report. 
Parent Questionnaires 
Two questionnaires totaling 176 items, were completed by parents. Detailed 
information was collected on the following: self-reported ethnicity (European Caucasian 
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[referred to as Caucasian in this report], East Asian, South Asian [Indian/Sri 
Lankan!Pakistani], Middle Eastern, or Other/Mixed ethnicities), parental education (the 
highest level of education completed by either parent: University or higher degree, technical 
college or a diploma, or high school), parental employment (employed part-time or full-time, 
unemployed) and home ownership (owned apartment/house, rented apartment/house), ocular 
history (amblyopia, strabismus, myopia, hyperopia, astigmatism, any ophthalmic surgery, use 
of spectacles/glasses), maternal smoking during pregnancy. Information was also obtained 
from government-issued personal health records for children born in Australia (blue books) 
including birth parameters (weight in grams [g] at time of birth, length in centimetres [em], 
weeks of gestation at time of delivery), provided by the parents. 
Definitions 
Amblyopia 
Amblyopia and suspected cases of amblyopia were classified as any amblyopia. This 
was defined using the Multi-Ethnic Paediatric Eye Disease Study (MEPEDS) criteria, and 
divided into unilateral and bilateral subtypes74 
Unilateral amblyopia was defined as a 2-line difference in presenting VA between 
two eyes with 20/32 or worse in the worse-seeing eye, in addition to at least one of the 
following factors: a) Constant or intermittent strabismus, b) Previous strabismus surgery, c) 
Anisometropia consistent with the worse eye (2: l.OOD SE anisohyperopia, 2: 3.000 SE 
anisomyopia, or 2: 1.500 anisoastigmatism), and/or d) Evidence of past or present visual axis 
obstruction for at least one week (e.g. cataract, pseudophakia, aphakia, significant corneal 
opacity, ptosis, or eyelid haemangioma). 
Page 1133 
Bilateral amblyopia was defined as bilateral reduced best presenting VA with either 
past history of bilateral visual axis obstruction, or bilateral significant ametropia(~ 4.00D SE 
hyperopia,~ 6.00D SE myopia, or~ 2.50D astigmatism). 
Children with co-existing fundus or anterior segment abnormalities precluding normal 
vision were not considered amblyopic. Those with a previous history of amblyopia or 
amblyopia treatment were included as having amblyopia in this report. Letters from treating 
ophthalmologists were obtained to confirm cases of amblyopia when possible. 
Reduced Visual Acuity 
Reduced VA for bilateral amblyopia was defined as the best presenting VA < 20/50 
(Snellen equivalent 6/15, LogMAR score 0.4) in children aged< 48 months, and< 20/40 
(Snellen equivalent 6/12, LogMAR score 0.3) in children aged~ 48 months63 
Refractive Errors 
Myopia was defined as spherical equivalent (SE, sphere + 'lz cylinder) of at least -0.50 
diopters (D), hyperopia as SE at least +2.00D, astigmatism as cylinder power~ l.OOD, and 
anisometropia as an SE difference~ l.OOD between the two eyes. The SE shown in Figure 
6.1 includes a range of± 0.50D, for example, SE of O.OOD on the x-axis includes the SE 
range from -0.50D to +0.50D. 
Birth Parameters 
Low birthweight was defined as birthweight < 2500g, and prematurity was defined as 
gestation ofless than 37 weeks. 
Statistical Analysis 
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SAS (version 9.2, SAS institute, Cary, NC) was used for all analyses in this report. 
Only children aged 30 months or older, with complete VA data were included in analyses 
(n=l422). 
T -tests were used to compare means for continuous variables, and chi-square tests 
were used to compare proportions of categorical factors in the amblyopic and non-amblyopic 
groups, and Fisher's exact test was used to calculate p values for comparing amblyopia 
prevalence between the studies (Figure 6.3). The amblyopia prevalence of other preschool 
studies was standardised by age to the SPEDS study population. Multi-variable adjusted 
logistic regression models were constructed to assess associations of amblyopia while 
adjusting for age, gender, ethnicity, and SE when relevant. Odds ratios (OR), and 95% 
confidence intervals (CI) are reported. A parsimonious stepwise logistic regression model 
was also constructed to evaluate the effects of individual factors in amblyopic cases. 
Results 
Of 1422 children included in this report, 27 (1.9%) were identified as amblyopic or 
suspected cases of amblyopia using the MEPEDS criteria.74 Of these amblyopic children, 
only 3 (11.1%) had a previous diagnosis of amblyopia and were commenced on temporary 
patching of the affected eye, atropine treatment, and/or wearing spectacles prescribed by 
treating ophthalmologists. The remaining 24 children were referred by study investigators to 
paediatric ophthalmologists for further management. 
Table 6.1 shows the number of children with and without amblyopia in this sample, 
stratified into age, gender and ethnic groups. The 48- to 59-month age group had a slightly 
higher proportion of amblyopic children (2.5%, 9/364) compared to the other age groups, but 
there was no trend observed in the proportion of amblyopic children across the age groups. 
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The proportions of boys and girls in the amblyopic and non-amblyopic groups were very 
similar (p=0.95), and Caucasian ethnicity (44.5%) was the dominant ethnic group among 
amblyopic children, followed by East Asian (18.5%), other/mixed ethnicities (18.5%), South 
Asian (14.8%), and lastly Middle Eastern ethnicity (3.7%), with no significant ethnic 
differences between amblyopic and non-amblyopic children (p=0.61 ). 
The prevalence of any amblyopia in this preschool sample was 1.9% (27 /1422). Seven 
of the 17 children with unilateral amblyopia had some form of anisometropia 
(anisohyperopia, anisoastigmatism, or anisomyopia), 5 had strabismus (including one child 
with microstrabismus ), and 5 children had a combination of anisometropia and strabismus. 
Ten children were found with bilateral amblyopia, mainly due to bilateral high ametropia, in 
this preschool sample. 
Table 6.2 shows the refractive composition of children with amblyopia. Of the 27 
children, 18 (66.7% of27 cases) had hyperopia 2: +2.00D, 14 (51.9%) had significant 
hyperopia 2: +4.00D, and 5 children (18.5%) had high hyperopia of2: +6.00D. Around half 
(48.1%) of the amblyopic children had astigmatism 2: LOOD, of whom 6 (22.2%) had 
significant astigmatic errors 2: 3.00D. Only 2 (7.4%) amblyopic children in our sample had 
myopia of at least -0.50D. 
The distribution of SE in amblyopic and non-amblyopic children is shown in Figure 
6.1. The mean SE of the amblyopic eyes was +3.57 diopters (D), significantly more 
hyperopic than the mean+ L25D of the non-amblyopic eyes in the sample (p=0.0003). 
Figure 6.2 shows the distribution of the best presenting VA in the amblyopic and non-
amblyopic eyes in this sample. The mean VA of the amblyopic eyes was 20/50, significantly 
worse than the mean VA (20/25) of the non-amblyopic eyes (p<O.OOO I). 
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Table 6.3 shows associations of amblyopia with various ocular conditions, after 
adjusting for age, gender, ethnicity and SE. Amblyopia in this sample was strongly associated 
with anisometropia (OR 27.82 CI 11.17-69.31), hyperopia 2: +2.00D (OR 15.33, CI 6.47-
36.35), astigmatism 2: l.OOD (OR 5.67, CI 2.53-12.71), and both esotropia (OR 9.36, CI 1.49-
58.89) and exotropia (OR 7.65, CI 1.82-32.14). We found no significant associations of 
amblyopia with increasing age (OR 1.00, CI 0.96-1.04), male gender (OR 0.84, CI 0.33-
2.14), Caucasian ethnicity versus other ethnicities (OR 1.68, CI 0.48-5.88), or measures of 
socio-economic status including house ownership (OR 0.57, CI 0.20-1.69), higher parental 
education (OR 0.81, CI 0.28-2.37), or parental employment (OR 0.75, CI 0.19-2.88). 
Although higher odds were demonstrated with birth parameters, amblyopia was not 
significantly associated with those evaluated, including low birthweight <2500g (OR 2.61, CI 
0.33-20.87), pre-term birth< 37 weeks (OR 1.81, CI 0.37-8.75), or maternal smoking during 
pregnancy (OR 1.41, CI 0.26-7.69), after adjustments for age, gender, ethnicity, and SE 
refraction. 
Using stepwise logistic regression analysis, we found that hyperopia (OR 12.32, CI 
4.47-33.93), astigmatism (OR 4.93, CI 1.83-13.25), anisometropia (OR 9.24, CI 2.75-30.99), 
and strabismus (OR 11.45, CI 3.39-38.68) remained significantly associated with amblyopia 
in this preschool sample. 
Figure 6.3 compares the any amblyopia prevalence between the MEPEDS,74 the 
Baltimore Paediatric Eye Disease Study (BPEDS),73 the Strabismus, Amblyopia and 
Refractive error in Singapore study (STARS),75 and SPEDS by age groups. STARS had 
slightly different age divisions to the other studies in children aged 48 to 72 months. There 
was an overall difference (p = 0.03) in amblyopia prevalence between the preschool studies. 
After age standardisation to the SPEDS sample, the amblyopia prevalence in MEPEDS was 
Page 1137 
1.9%, BPEDS 1.3%, BPEDS white children 1.9%, BPEDS African American children 0.8%, 
and STARS 1.2%. 
Discussion 
Amblyopia prevalence was 1.9% in this sample of 1422 Australian preschool-aged 
children, comparable to our previously reported prevalence in older 6-year-old children from 
a similar location,71 and to other preschool studies.73•74 In the Sydney Myopia Study (SMS), a 
1.8% amblyopia prevalence was reported in 1739 6-year-old multi-ethnic school children, 
those with a previous history of treatment for amblyopia were also included, even if normal 
by the time of examination, as in the current study. Using similar methods, the BPEDS 73 
reported a comparable 1.8% (12/673) amblyopia prevalence in white children, but a lower 
0.8% (7/873) prevalence among African-American children. MEPEDS74 reported a similar 
overall amblyopia prevalence of2.1% (69/3350) in their sample of children also aged 
between 30 and 72 months, with a 1.5% (25/1663) prevalence among the African American 
children in this study, and a 2.6% (44/1687) prevalence in Hispanic/Latino children. The 
overall age-standardised amblyopia prevalence was almost identical between SPEDS, 
MEPEDS and for white children in BPEDS (all 1.9%). Parallel to our findings, no significant 
age- or gender-related differences in amblyopia prevalence were reported in these 
studies7I.73-75 
Interestingly, studies with only children of East Asian origin appears to have 
relatively lower amblyopia prevalence compared to SPEDS78.79•81 STARS75 reported a lower 
1.2% amblyopia prevalence among 1682 Chinese children in Singapore between the same 
ages (30 and 72 months). In our study, we also found that the amblyopia prevalence among 
children of East Asian ethnicity (1.7%, 5/292) was slightly lower than that in children of 
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Caucasian ethnicity (1.8%, 12/669), a similar finding to that made in our study of 6-year-old 
Sydney school children ( 1. 7% amblyopia prevalence in East Asian compared to 2.2% in 
European Caucasian children).71 A likely explanation for this ethnicity related difference is 
the relative lower prevalence of strabismus and hyperopia, two principal associations with 
amblyopia, among Asian compared to Caucasian children.75•78-81 •94-98 
A high proportion of the amblyopia cases were attributed to refractive errors in our 
sample, consistent with findings from other preschool studies.73-75 MEPEDS74 reported that 
78% of all amblyopia cases were caused by refractive errors, similar to the 85% reported in 
STARS75 Both hyperopia (66.7% of cases) and astigmatism (48.1%), with or without 
anisometropia, were found as major amblyogenic risk factors in the present study. 
Significant hyperopia of at least +3.00D was present in 55.6% (15/27) ofamblyopic 
children in SPEDS, of whom 5 (18.5%, 5/27) had high hyperopia of2: +6.00D. Additionally, 
we found the mean SE for amblyopic eyes (+3.57D) was significantly more hyperopic than in 
non-amblyopic eyes ( + 1.25D, p=0.0003), similar to that reported previously in 6 year-old 
SMS children (amblyopic SE +3.17D versus non-amblyopic SE + 1.26D). 71 A recent 
longitudinal study in Tenessee156 screened over 221,720 children and identified 149 children 
(mean age 39.6 months) with significant hyperopia 2:+3.75D on cycloplegic refraction. The 
mean follow-up in this study was 38.5 months, and 33% (49/149) of the initially identified 
children either presented or developed amblyopia during follow-up. This high prevalence of 
amblyopia subsequent to significant hyperopia supports the strong hyperopia-amblyopia link 
found in SPEDS, and identifies a need to screen and correct for significant hyperopia in very 
young children, despite the general belief that most infantile hyperopia tends to regress with 
age157•158 and does not cause major ocular problems. 
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Strabismus remains a major contributing factor to amblyopia in SPEDS, though was 
not as prevalent as ametropia in amblyopic preschool children. 74•75 Strabismus was found in 
10 of the 27 (37.0%) amblyopic children, including I child with microstrabismus. There were 
fairly equal proportions of esotropia (18.5%, 5/27) and exotropia (14.8%, 4/27) in this 
sample, in contrast with data from our earlier school study of 6 year-old amblyopic children, 
in which esotropia dominated 11118 (61.1 %, compared to 3/18, 16.7% for exotropia). 71 The 
exact reason for this lower esotropia prevalence in the preschool sample despite a high 
prevalence of hyperopia remains unclear. Friedman and colleagues 73 also reported similar 
proportions of esotropia and exotropia in their white preschool children overall ( 1.5% and 
1.8% ), 73 and suggested a possible reason for the declining esotropia rate could be the earlier 
correction of hyperopia with glasses. However, similar to their study, 73 we found the use of 
spectacles in our sample was relatively low (I%), making this explanation less likely. The 
lower esotropia prevalence might also be attributed to the proportion of Asian children in our 
sample. Esotropia was previously reported to be less prevalent than exotropia among East 
Asian children,75•159 which might be explained in part, by the lesser hyperopic refraction 
generally found among East Asian populations.75•95"98•160 However, we found fairly equal 
proportions of esotropia and exotropia among amblyopic children of both Caucasian (2 
esotropic and I exotropic) and East Asian ethnicities (I esotropic and I exotropic) in SPEDS. 
Similar to the MEPEDS,74 the amblyopia prevalence in our sample stabilised at 
around 3 years of age (Figure 6.3), suggesting this could be an appropriate age for amblyopia 
detection and screening. The apparent lower prevalence of amblyopia in the 30-35 months 
subgroup could be biased due to the smaller tested sample. Nevertheless, Matsuo and 
colleagues78'79 also reported very similar amblyopia prevalence between Japanese children 
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aged 3 years and those aged 6 to 12 years, 78 reinforcing the concept of stability in amblyopia 
prevalence around the age of 3 years. 
Of the 27 amblyopic children included in SPEDS, only 3 (11.1 %) had a previous 
diagnosis or treatment for amblyopia. This is substantially lower than that reported in 6 year-
old children from Sydney,71 of whom 71.9% (23/32) had previous diagnoses and 46.9% had 
been successfully treated, with no residual visual impairment in the affected eye. By 
comparison, the prevalence of visual impairment due to amblyopia using a VA cutoff of 
<20/40 is around 1.5% (2111422) in SPEDS, much higher than reported in our school 
samples (0.9% for 6-year-old children and 0.5% for the 12-year-old children).71 •72 The 
marked difference in the amblyopia detection rates between these Sydney samples indicates 
that further work is needed to improve vision screening in children younger than 6 years of 
age, as currently, the detection of amblyopia in these children depends heavily on self-referral 
by parents and primary health care providers. This assumes importance as it has been 
suggested that amblyopic children tend to respond better to treatments during early visual 
development,82•83 generally well before 7 or 8 years of age. 84-89 
We previously reported significant associations of amblyopia with pre-term birth of 
<37 weeks and low birthweight <2500g in 6 year-old Sydney school children,71 consistent 
with other studies that reported a higher risk of strabismus and amblyopia in pre-term 
compared to children born full-term.94'153' 161 '162 However, we did not find statistically 
significant associations between prematurity or low birthweight with amblyopia in the 
present study. One possible reason is a low power effect with our relatively small sample of 
amblyopic children, as increased odds for these associations were found. We combined the 
SPEDS data with the SMS 6 year-old group, and found that amblyopia was significantly 
associated with low birthweight <2500g (OR 4. 71, CI 1.83-12.13, p=O.OOl) and pre-term 
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birth <37 weeks (OR 3.23, CI 1.35-7.71, p=0.008) even after adjusting for age, gender, 
ethnicity, and SE refraction. 
Key strengths of this study include its population-based design, relatively large 
sample size of preschool-aged children, and standardised examination protocols performed 
by trained medical officers and orthoptists. A potential limitation was the failure to measure 
best corrected VA in this sample, as the preschool children often struggled with eye patches 
and trial lenses. This could have potentially contributed to the slightly higher bilateral 
amblyopia prevalence, mainly due to significant ametropia, found in our study compared to 
some other recent preschool studies (0.70% in SPEDS compared to 0.48% in MEPEDS,74 
0.36% in STARS,75 and 0.06% in BPEDS73). However, we incorporated only the best 
presenting VA from all visits, and ascertained diagnoses of amblyopia with confirmation 
from treating ophthalmologists and parents when possible. Another potential limitation is that 
we excluded children who could not complete VA testing, who could indeed have been 
amblyopic, thus it is possible that we might have underestimated the overall amblyopia 
prevalence in this preschool sample. 
In summary, the prevalence of amblyopia and suspected amblyopia in this Australian 
preschool-aged sample was 1.9%, similar to that recently reported by other preschool studies 
from the United States, 73"74 and higher than that reported in Singapore Chinese children. 75 
The most frequent causes of amblyopia in this sample were refractive errors, particularly high 
hyperopia and astigmatism. Both anisometropia (33.3%) and strabismus (37.0%) accounted 
for significant proportions of amblyopia cases, with similar proportions of esotropia and 
exotropia. There were no statistically significant associations of amblyopia with age, gender, 
ethnicity, birth parameters, or measures of socio-economic status after adjusting for other 
variables. The current detection rate for amblyopia in this age sample was low compared to 
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that previously reported in 6 year-old Sydney school children, even though reliable testing 
could be achieved in children aged around 3 years. This suggests different strategies are 
needed to promote vision screening and amblyopia detection in children younger than 6 years 
of age, in the hope of improving visual outcomes for amblyopic children by earlier treatment. 
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Table 6.1: Characteristics of preschool children with (n=27) and without Amblyopia 
(n= 1395) in the Sydney Paediatric Eye Disease Study 
With Amblyopia Without Amblyopia p value# 
n% n% 
Age, months 
30-35 2 (0.9) 215 (99.1) 0.58 
36-47 8 (2.2) 363 (97.8) 
48-59 9 (2.5) 355 (97.5) 
60-72 8 (1.7) 462 (98.3) 
Gender 
Male 14 (51.9) 731(52.4) 0.95 
Female 13 (48.1) 664(47.6) 
Ethnicity 
Caucasian 12 (44.5) 657 (47.1) 0.61 
East Asian 5 (18.5) 287 (20.6) 
South Asian 4 (14.8) 186 (13.3) 
Middle Eastern 1 (3. 7) 123 (8.8) 
Others/Mixed 5 (18.5) 142 (10.2) 
Total 27 (1.9) 1395 (98.1) 
#p value comparing characteristics of children with amblyopia to children without amblyopia 
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Table 6.2: Refractive composition of Amblyopic preschool children (n=27) 
Refractive Error 
Myopia, SE 
:S-0.50D 
:'S-LOOD 
:S-3.00D 
Hyperopia, SE 
~2.00D 
2:+3.00D 
2:+4.00D 
2:+6.00D 
Astigmatism, Cyl 
2:l.OOD 
2:1.50D 
2:3.00D 
Total 
SE - spherical equivalent 
Cyl = cylinder power 
D = diopters 
n (%of cases) 
2 (7.4) 
2 (7.4) 
0 (0.0) 
18 (66.7) 
15 (55.6) 
14(51.9) 
5 (18.5) 
13 (48.1) 
II (40.7) 
6 (22.2) 
27 (100.0) 
Page 1145 
i 
l 
Table 6.3: Ocular conditions associated with any Amblyopia in preschool children 
Ocular Condition OR* (95% CI) p value* 
Myopia, SE :S -0.50D 2.23 (0.50-10.03) 0.30 
Hyperopia, SE 2: +2.00D 15.33 (6.47-36.35) < 0.0001 
Astigmatism, Cyl2: LOOD 5.67 (2.53-12.71) <0.0001 
Anisometropia, SE 2: LOOD 27.82 (1 1.17-69.31) <0.0001 
Strabismus 13.10 (4.25-40.38) <0.0001 
Esotropia 9.36 (1.49-58.89) O.o2 
Exotropia 7.65 (1.82-32.14) 0.006 
*Odds ratios (OR) and 95% confidence intervals (CI) using logistic regression analysis 
adjusted for age, gender, and ethnicity except for cases with strabismus, which were adjusted 
for age, gender, ethnicity and spherical equivalent refraction. 
SE = Spherical Equivalent refraction 
Cyl = Cylinder power 
D = diopters 
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Figure 6.1: Distribution of spherical equivalent refraction in preschool children with and 
without amblyopia 
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Figure 6.2: Distribution of the best presenting visual acuity in preschool children with and 
without amblyopia 
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Figure 6.3: Comparisons of any amblyopia prevalence by age between preschool studies 
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Chapter 7 
Myopia Prevalence, Family history, 
Indoor and Outdoor Activities 
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Myopia Prevalence, Family History, Indoor and Outdoor Activities 
Abstract 
Purpose: To determine the prevalence and associated factors of early myopia in preschool 
children. 
Methods: The Sydney Paediatric Eye Disease Study examined 2461 children (73.8% 
participation), aged 6 to 72 months, during 2007-09. Refraction was measured using a 
Retinomax K-Plus 2 autorefractor, Canon RK-Fl autorefractor, and/or streak retinoscopy 
after cycloplegia. Myopia was defined as spherical equivalent refraction (SE) of at least -0.50 
diopters (D). Children with SE refraction between -0.50D and 2.00D in both eyes were 
considered as non-myopic. Detailed information was gathered from parent questionnaires. 
Results: 2051 children with complete refraction data were included, 86 (4.2%) were myopic, 
1577 non-myopic, and 388 with SE 2: +2.00D. Children of East Asian (8.3%) and South 
Asian (7.9%) ethnicities had the highest myopia prevalence. Myopia was strongly associated 
with other ocular conditions including astigmatism 2: l.OOD (odds ratio [OR]4.9, 95% 
confidence interval [CI] 3.1-7.8), anisometropia (OR 23.7, CI 8.7-64.7), amblyopia (OR 10.9, 
CI 1.9-64.4) and esotropia (OR 23.6, CI 4.6-122.4). High parental education (OR 2.0, CI 1.1-
3.7), parental myopia (OR 3.1, CI 1.7-5.5), and >3 hours/day on indoor activities (OR 2.5, CI 
1.1-5.4) were significant myopic associations in logistic regression analysis. Time spent 
outdoors, low birthweight <2500g, and prematurity <3 7 weeks, were not significantly 
associated with myopia (p>0.05). 
Conclusion: Myopia prevalence was 4.2% in this multi-ethnic preschool sample, lower than 
that reported by other recent preschool studies. Parental myopia, Asian ethnicities, and 
increased time spent on indoor activities were significant associations, reinforcing the 
complex nature of myopia development in children. 
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Introduction 
Myopia is frequently reported to associate with visual impairment, 16' 
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amblyopia,71 •75•163 and strabismus in childhood populations.94'159' 164' 166 Its 
prevalence appears to be increasing worldwide, 100•102' 104 with a recent shift of emphasis from 
reporting its prevalence in school-aged to preschool-age range.96•105•106•167•168 Factors 
including ethnicity,98' 160' 169'170 parental history of myopia,98•171 ' 176 time spent outdoors, 175' 179 
various indoor and near work activities including reading, 170•173•174•176•178•180' 183 and measures 
of urbanisation, 183' 185 have all been reported to associate with myopia in children. Genetic 
and twin studies have also inferred its strong genetic predisposition. 186' 1% 
Recently, population-based studies from the United States105'106 and Singapore96 have 
reported the prevalence of myopia in preschool populations using standardised and 
comparable methodology. The Baltimore Paediatric Eye Disease Study (BPEDS) reported a 
myopia prevalence (defining myopia as spherical equivalent [SE] of at least -1.00 diopters 
[D]) of 1.1% in their white children and a much higher 7.4% among African-American 
children. 106 Similarly, the Multi-Ethnic Paediatric Eye Disease Study (MEPEDS) also found 
a comparable 6.6% myopia prevalence in African American children using the same 
definition, and a lower 3. 7% in Hispanic children. 105 The Strabismus, Amblyopia, and 
Refractive Error in Singaporean Children study (STARS) reported a myopia prevalence of 
11.0% using SEat least -0.50D, and 5.2% using SEat least -l.OOD among Singaporean 
Chinese preschool children.96 Additionally, STARS has recently reported that family history 
of myopia was strongly correlated with preschool myopia, while time spent on near work and 
outdoors were not, 171 suggesting that familial factors may have greater influences on early 
myopia development in children than environmental factors. 
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Therefore, we aimed in this report, to investigate the prevalence of early myopia in a 
multi-ethnic sample of Australian preschool children, and to determine its associated factors. 
Specific Methods 
A total of 2051 children were included in this report after excluding children with 
incomplete or missing refraction data (n=410). 
Examinations 
Refraction 
Refraction was attempted on all children at least 25 minutes after instilling the last 
cycloplegic eye drops, and was measured using a hand-held autorefractor Retinomax K-Plus 
2 (Nikon Corporation, Tokyo, Japan). Retinomax sphere and cylinder readings were analysed 
if the manufacturer's recommended confidence level of 8 or greater was achieved. 
Autorefraction using the Canon RK-Fl table-mounted instrument (Canon, Tokyo, Japan) was 
attempted on all children mainly aged 30 months or older, after cycloplegia. The refractive 
readings for each eye were calculated from the average of at least 2 consecutive sphere and 
cylinder readings. The autorefractors were calibrated regularly by a trained orthoptist. In 
children for whom autorefraction was obtained on both the Canon and Retinomax 
instruments, we used those acquired using the Canon autorefractor, as a recent study 
suggested that the Retinomax could produce slightly less hyperopic spherical equivalent (SE) 
readings than the Canon table-mounted device in preschool children after cycloplegia. 12 
When both autorefraction methods failed after multiple attempts (at least 3), streak 
retinoscopy (Welch Allyn, Chessy, France) was performed by a trained medical officer in a 
dimly lit room. Children whose parents refused the instillation of eye drops were excluded 
from the analyses. 
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Spectacles used by both the children and parents, when provided, were measured 
using a vertometer (Nidek LM990 Auto Lensmeter, Nidek Co. Ltd., Japan). 
Questionnaires 
Two questionnaires (113-item and 63-item) were completed by parents. Detailed 
information was collected on the following: self-reported ethnicity (European Caucasian 
[referred to as Caucasian in this report], East Asian, South Asian [Indian/Sri 
Lankan/Pakistani], Middle Eastern, or Others/Mixed ethnicities), parental education (the 
highest level of education completed by either parent: University or higher degree, technical 
college or a diploma, or high school), parental employment (either parent, employed part-
time or full-time, unemployed, home duties, retired) and home ownership (owned 
apartment/house, rented apartment/house), ocular history of child (amblyopia, strabismus, 
myopia, hyperopia, astigmatism, any ophthalmic surgery, use of spectacles/glasses), and 
breastfeeding (yes or no). 
Spectacles worn by the parents, when brought to the examinations, were measured 
and recorded by the examiners to determine the type of the parent ametropia. In cases where 
parents did not bring their spectacles, parental ametropia was ascertained from questionnaires 
where parents gave details about whether they wore spectacles, and if yes, what they were 
for. Myopia was assumed if the parents wore spectacles or contact lenses for distance vision, 
or had previous corneal refractive surgery for short-sightedness. 
Time spent outdoors for each child was determined by parents as the total number of 
hours spent outdoors, recorded in hours per day, including weekdays and weekends 
regardless of the activities involved. Time spent indoors, also recorded in hours per day, 
included activities like reading, drawing or painting, playing with computers, playing with 
hand-held computers or mobile phones, playing with toys, watching television/DVD/videos 
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or playing video games. Parents could select from a choice of time durations including 2 
hours or more, I hour or more, between Y2 hour and I hour, less than Y, hour, or never/my 
child is too young for each of the mentioned activity. The total amount of time spent on 
indoor activities was calculated from the sum of the responses to these questions. 
Information was also obtained from government-issued personal health records for 
children born in Australia (blue books) provided by parents, including birth parameters 
(weight in grams [g] at time of birth, weeks of gestation at time of delivery). 
Definitions 
Refractive Errors 
Myopia was defined as SE refraction (sphere+ Y, cylinder) of at least -0.50 diopters 
(D) in the worse eye (eye with greater refractive error) unless otherwise specified; this cutoff 
was chosen as a SE of -0.500 had been previously reported as an appropriate threshold for 
predicting myopia in children.68 Astigmatism was defined as cylinder power 2: 1.000, and 
anisometropia as SE difference 2: 1.000 between the two eyes. Children were categorised as 
non-myopic if their SE refraction was between -0.500 and +2.000 in both eyes. 
Statistical Analysis 
SAS (version 9.2, SAS institute, Cary, NC) was used for all data analyses in this 
report. Only children with complete cycloplegic refraction data were included in the analyses 
(n=2051). 
T -tests were used to compare means for continuous variables, and chi-square tests 
were used to compare proportions of categorical factors in the myopic and non-myopic 
groups, as well as to calculate p values for comparing myopia prevalence between the studies 
(Figure 7.2). The myopia prevalence of other preschool studies was standardised by age to 
the SPEOS study population. Multi-variable adjusted logistic regression models were 
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constructed to assess associations of myopia while adjusting for age, gender, ethnicity and 
other variables when relevant. Odds ratios (OR), and 95% confidence intervals (CI) were 
reported. Statistical significance was determined asp< 0.05. 
Results 
Of the 2051 children included in this report, 86 ( 4.2%) had myopia of at least -0.500 
in one eye. There was no gender difference between the myopic and non-myopic groups 
(p=0.67), and fairly equal numbers of girls (n=40) and boys (n=46) were found with myopia 
(Table 7.1). There were significant age- (p=0.001) and ethnicity-related differences 
(p<O.OOOl) between the myopic and non-myopic groups in this sample. Children in the 12-23 
months age group had the highest myopia prevalence (6.6%) compared to the other age 
groups. Children of East Asian (8.3%) and South Asian (7.9%) ethnicities had the highest 
myopia prevalence, while children of Caucasian ethnicity ( 1.4%) had the lowest myopia rate. 
Table 7.2 details the proportions of SPEOS children measured with different levels of 
myopia. The overall prevalence of myopia using a defmition ofSE at least -1.000 in one eye 
was 2.0%, and only 2 of these children (0.1%) had a high myopia level of -6.000 in this 
sample. 
Figure 7.1 shows the VA distribution in myopic eyes compared to the non-myopic 
eyes in SPEOS. The mean VA in the myopic eye of children was 20/32, slightly worse than 
the 20/25 found in non-myopic children with SE between -0.50 and +2.000 in both eyes. 
Tables 7.3 and 7.4 show the associations of myopia with ocular conditions and 
various risk factors, using logistic regression analysis controlling for age, gender, and 
ethnicity. 
Myopia was significantly associated with astigmatism (OR 4.91, CI 3.11-7.75), as 
over half(n=44/86, 51.2%) of myopic children were found with some degree of astigmatism 
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in this sample. Myopia was also significantly associated with anisometropia (OR 23.72, CI 
8.70-64.68), amblyopia (OR 10.94, CI 1.86-64.41), and esotropia (OR 23.61, CI 4.56-122.4) 
after adjusting for age, gender and ethnicity (Table 7.3). 
East Asian ethnicity (OR 5.65, CI 2.99-10.66) was significantly associated with 
myopia compared to Caucasian ethnicity, as well as South Asian ethnicity (OR 5.37, CI 2.66-
10.86), and others/mixed ethnicities (OR 3.54, CI 1.61-7.81). Parental ametropia (OR 3.02, 
CI 1.45-6.26), more specifically, parental myopia in at least one parent (OR 3.07, CI 1.71-
5.49), or both parents (OR 10.24, CI 3.84-27.32), were significant risk factors. Parental 
myopia remained significantly associated with myopia even after adjusting for parental 
education; at least one myopic parent (OR 2.79, CI 1.53-5.08) and both myopic parents (OR 
8.18, CI 2.89-23.18). Higher parental education of at least a university degree in one parent 
was found significantly associated with myopia (OR 1.98, CI 1.06-3. 72, p=0.03), even after 
adjusting for parental myopia (OR 2.11, CI 1.03-4.35, p=0.04). Increasing age was also found 
to show a borderline significance with lower myopia prevalence in our preschool sample (OR 
0.98, CI 0.97-0.99, p=O.OOl) (Table 7.4). 
There were no significant associations of myopia with the amount of time spent 
outdoors (decreased hourly increments) (OR 1.01, CI 0.92-1.12), parental employment (OR 
0.78, CI 0.40-1.50), housing ownership (OR 1.09, CI 0.63-1.88), low birthweight <2500g 
(OR 1.58, CI 0.68-3.67), preterm birth <37 weeks (OR 0.74, CI 0.26-2.09), maternal smoking 
during pregnancy (OR 0.56, CI 0.13-2.41), or breastfeeding (OR 1.91, CI 0.67-5.45) (Tables 
7.3 and 7.4). Children who spent a great amount of time (> 3 hours/day) on indoor activities 
were more likely to have myopia than those who spent <3 hours/day on the same activities 
(OR 2.48, 1.14-5.37, p=0.02), which persisted after adjusting for age, gender, ethnicity, 
parental myopia and parental education (OR 2.66, 1.14-6.19, p=0.024). With individual 
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indoor activities, myopia was significantly associated with watching television!DVD/playing 
video games for> 60 minutes/day (OR 2.21, CI 1.05-4.68, p=0.038). There were no 
significant associations of myopia with reading> 15 minutes/day (OR 0.77, CI 0.39-1.50), 
drawing> 15 minutes/day (OR 1.42, CI 0.71-2.85), playing computer >15 minutes/day (OR 
0.59, CI 0.23-1.54), playing hand-held computers/mobile phones> 15 minutes/day (OR 0.42, 
CI 0.10-1.80), or playing with toys> 60 minutes/day (OR 3.19, CI 0.96-10.65, p=0.06). The 
increased odds for myopia was also not found in SPEDS children who spent< 3 hours/day 
outdoors compared to those who spent> 3 hours a day (OR 0.80, CI 0.42-1.49, p=0.47). 
Figure 7.2 compares the myopia prevalence, using SE of at least -l.OOD in the worse 
eye (eye with greater refractive error), in SPEDS (2.0%) with the MEPEDS,105 white and 
African-American children from the BPEDS, 106 and Chinese children from the ST ARS96 
There was an overall difference (p<0.0001) in myopia prevalence between the preschool 
studies. After age standardisation to the SPEDS sample, the myopia prevalence in MEPEDS 
was 3.7% in Hispanic children, 5.1% in African-American children, 5.1% overall; in BPEDS, 
1.0% in white children, 7.6% in African-American children, and 4.6% overall; and 5.3% in 
STARS Chinese children. 
Discussion 
The overall prevalence of myopia using a definition of SE at least -0.500 in one eye 
in this sample was 4.2%, and decreased to 2.0% when a SE cutoff of at least -1.000 was 
adopted. Myopia prevalence in SPEDS was lower than that reported by other preschool 
studies. MEPEDS reported an overall myopia prevalence of 5.1% in 6024 African-American 
and Hispanic children aged between 6 and 72 months, using the myopia definition of at least 
-1.000 in the eye with greater refractive error. 105 Similar to the MEPEDS, the STARS 
reported a 5.2% prevalence, using the same myopia definition of SEat least -1.000, in 2639 
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Singaporean Chinese children, also aged between 6 to 72 months.% Using a myopia 
definition of at least -0.50D, the STARS myopia prevalence doubled to 11.0%, much higher 
than that found in SPEDS ( 4.2% ). The BPEDS reported a comparable myopia prevalence of 
4.6% in 2298 white and African-American preschool children from the same age range ( 6-72 
months), using SE of at least -1.00Dl06 
The discrepancy in myopia prevalence between the preschool studies could be 
explained in part, by the different ethnic makeup of the samples. The highest myopia 
prevalence in SPEDS was found in children of East Asian ethnicity (8.3%), followed closely 
by children of South Asian ethnicity (7.9%), while children of Caucasian ethnicity had the 
lowest myopia prevalence (1.4%). This was consistent with the substantially lower myopia 
prevalence reported in white children (1.1% at SE -l.OOD) in the BPEDS, 106 and the higher 
myopia prevalence (11.0% at SE -O.SOD and 5.2% at SE -l.OOD) found in Chinese preschool 
children in STARS.% We have also previously reported much higher myopia prevalence rates 
among East Asian than Caucasian school-aged children in the Sydney Myopia Study 
(SMS).98•170.m Myopia (SE:::; -0.50D) was found in 3.4% of East Asian 6-year-old SMS 
children, higher than the 0. 7% found in Caucasian children; and in 41.6% East Asian 12-
year-old SMS children, much higher than the 5.1% found in Caucasian counterparts. 177 
Similarly, Kleinstein and colleagues160 reported a substantially higher myopia prevalence (SE 
::0 -0.75D) among Asian children (18.5%) than white children (4.4%), in a sample of2523 
children aged from 5 to 17 years in the United States. 160 The Refractive Error Study in 
Children (RESC), a collaboration of studies mainly on school-aged children from various 
countries, also reported relatively high myopia prevalence rates (SE:::; -0.50D) among Asian 
children compared to those of other ethnicities.24.25•27·29' 32•108•197 This reinforces the 
consistency of ethnicity-related myopia differences in both school- and preschool-age groups. 
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The ethnicity-related differences in myopia prevalence could be related to the 
underlying genetic effects on myopia development, as elicited by recent genome studies, 186-
190 which attempted to identify a locus responsible for both pathological myopia191-195 and 
lower levels of myopia. 196 Additionally, it is well established that certain familial traits 
including parental myopia, tend to increase myopia genesis among children, again possibly 
due to heredity.98•171 •173•176•198-201 We found that parental myopia, especially when both parents 
were myopic, was strongly associated with myopia in preschool children, even after 
controlling for other variables including age, gender, ethnicity, and parental education. This 
was consistent with findings from the SMS,98 where 12 year-old children with two myopic 
parents, had odds of7.9 (CI 5.0-12.4) in having myopia, compared to children with no 
myopic parents. This finding was consistent in both Caucasian and East Asian children. 98 
Using similar methodology to SPEDS, STARS also reported an almost two-fold higher risk 
of myopia in preschool children with two myopic parents compared to those with no myopic 
parents in 3009 Singapore Chinese children. 171 
Higher parental education was also found to be significantly associated with 
preschool myopia in SPEDS. This could be explained in part, by the genetic basis of the 
myopic parents, as more educated parents were usually myopic. However, after adjusting for 
both parental myopia and ethnicity, we found this association remained significant. It has 
been speculated that perhaps parents who read more, create a more academic environment 
that encourages their children to read more. However, we found SPEDS children whose 
parents achieved higher education levels, did not spend significantly more time in reading 
(mean time in reading= 0.52 hrs/day) compared to those children whose parents did not 
achieve an university degree (mean reading time= 0.49 hrs/day, p=0.1 0). This was consistent 
with the findings reported by Mutti and colleagues, 176 who found no consistent evidence to 
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support inherited near work environment among 366 children, mean age of 13.7 ± 0.5 years, 
in the Orinda Longitudinal Study of Myopia (OLSM).176 
The amount of time spent outdoors was not significantly associated with myopia in 
SPEDS. This contrasted our previously reported findings among school-aged children in 
SMS,177•178 but was consistent with that reported by STARS in preschool children.171 It had 
been reported that increased time spent outdoors, regardless of engaged activities, was 
associated with more hyperopic SE refractions in children, and might be protective of myopia 
secondary to higher light intensities, less visual blur, greater viewing distances, and the effect 
of dopamine on eye growth. 175'177'178.2°2 However, most of these reports were based on 
school-aged children, with very few examining children younger than 6 years of age. 
Recently, STARS looked at 3009 preschool children aged 6 to 72 months, and found that 
time spent outdoors was not associated with myopia of at least -0.50D (OR 0.95, CI 0.85-
1.07, p=0.44), which was similar to the SPEDS finding. Although Caucasian children (mean 
time= 5.73 hours/day) spent slightly more time outdoors than children of East and South 
Asian ethnicities (mean 3. 73 hours/day and 3.17 hours/day respectively), these differences 
were not statistically significant (p=0.27). 
Similarly, time spent on indoor activities (p=O.l4), more specifically, time spent on 
reading did not vary significantly between different ethnic groups (p=0.053). Time spent 
reading (near-work), previously reported to be associated with myopia in older children, 174 
was not a significant risk factor in our cohort. However, this could be explained by the 
different level of intensity spent in reading between school-aged and preschool-aged children, 
as it has been previously reported to be the intensity, rather than the duration of reading, that 
is associated with myopia. 170 Spending greater amounts of time on indoor activities however, 
mainly watching television/DVD/playing video games, for more than 3 hours/day was 
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significantly associated with increased odds of myopia in preschool children, although a 
hourly increase on indoor activities was not (p=0.06) This could again be explained by the 
increased intensity spent on indoor activities rather than the duration that contributes to 
myopia. This was further reinforced by investigating whether a combination of less time 
spent outdoors (<3 hours/day) and more time spent on indoor activities (>3 hours/day) in all 
children, was associated with higher odds of myopia as previously reported in SMS, 177 and 
found this was not the case in SPEDS (OR 1.56, CI 0.56-4.36, p=0.39). However, children 
with at least one myopic parent, who spent >3 hours/day on indoor activities, showed 
significantly increased odds of myopia (OR 6.92, CI 2.37-20.15, p = 0.0004), than those with 
no myopic parents and spent< 3 hours/day on indoor activities. This suggests a potential 
additive effect of parental myopia with increased time spent on indoor activities on childhood 
myopia, with heredity most likely as the more important factor. 170·m·175•176 This greater odds 
for myopia was not evident in children with myopic parents who were engaged in less (<3 
hours/day) outdoor activities (OR 1.83, CI 0.75-4.49, p=O.l8) compared to those with no 
myopic parents who spent more time outdoors (>3 hours/day). 
Myopia was associated with other ocular conditions including astigmatism, 
anisometropia, and amblyopia in SPEDS. It is well recognised that myopia often 
accompanies astigmatism in children, and could contribute to vision-deterring conditions 
including anisometropia and subsequent amblyopia.71 •75•94•106'163•203-205 Recent population-
based studies have also reinforced some of these myopic associations in preschool 
children. 75•106'203 Interestingly, myopia was found to be significantly associated with 
esotropia, and there were no myopic children with exotropia in SPEDS. Studies have shown 
that myopia is more likely to accompany exotropia than esotropia in predominantly childhood 
samples/5•94•159•164•206.2°7 possibly due to a reduction in accommodative stimuli over time. 
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However, the small number of myopic children with any strabismus in SPEDS (n=3) 
prevents any definitive conclusions to be made between the type of strabismus and myopia. 
Interestingly, there was a noted decline in myopia prevalence around 36 months 
before ascending again with increasing age, similar to findings from other preschool groups 
(Figure 7.2).96•105•106 The exact reason for this decline in myopia prevalence was unclear. We 
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refractions continuing to stabilise toward emmetropia around 3 years of age. Other possible 
reasons included potential incomplete cycloplegia due to a lower dose of cyclopentolate in 
very young children which might lead to an overestimation of myopia frequency. However, 
this should not apply to children over 12 months of age. Another potential limitation was the 
use ofRetinomax autorefractor, especially in children younger than 30 months, where it was 
the primary autorefraction device. A recent stJJdy12 reported that the Retinomax autorefractor 
produced slightly less hyperopic SE measurements ( <0.25D) than the Canon autorefractor 
and retinoscopy after cycloplegia in 51 Singaporean preschool children. This might also 
contribute to an overestimation of myopia prevalence in children younger than 30 months. 
However, we considered refractive data obtained by Canon autorefraction and retinoscopy 
instead ofRetinomax readings when available, thus this potential more "minus" effect of 
Retinomax should not be substantial. 
As the 'Natlire versus NurtJJre' debate on myopia development continues, we have 
provided further evidence that it is indeed a complex disorder harboring unique heredity 
differences with environmental influences. We have shown that myopia (SEat least -O.SOD) 
was present in 4.2% of a multi-ethnic sample of Australian preschoolers, where East and 
South Asian etbnicities and parental myopia, arguably genetic influences, were strongly 
associated with increased odds of myopia in children. Environmental influences on the other 
! 
l 
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hand, including less time spent outdoors, although previously reported to be associated with 
increased myopia rates in school-aged children, were not apparent in the preschool-aged 
cohort. However, a greater amount oftime (>3 hours/day) spent on indoor activities as well 
as increased intensity spent doing indoor activities, might have a synergistic effect in myopia 
development, when combined with parental myopia. Although early onset myopia was not as 
prevalent in Australian preschool children compared to those similar-aged children in the 
United States and Singapore, its strong affiliations with other ocular conditions warrants its 
timely correction, particularly in children with a positive family history, in hope to slow 
down its progression, and to allow normal vision to develop in early childhood. 
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Table 7.1: Proportions of preschool children with myopia and with no myopia, stratified by 
age, gender, and ethnicity 
Myopia No Myopia p value* 
SE:<::-0.50D -0.50D < SE < 2.00D 
n% n% 
Total 86 (4.2) 1577 (76.9) 
n= 2051 
Age, months 
6-ll 10 (4.1) 152 (63.1) 0.001 
n=241 
12-23 21 (6.6) 234 (73.6) 
n=318 
24-35 23 (6.4) 273 (75.6) 
n=361 
36-47 6 (1.7) 285 (81.2) 
n=351 
48-59 16 (4.7) 259 (76.2) 
n=340 
60-72 10 (2.3) 374 (85.0) 
n=440 
Gender 
Female 40 (4.2) 696 (73.7) 0.67 
n=945 
Male 46 (4.2) 881 (79.7) 
n=1106 
Ethnicity 
Caucasian 14 (1.4) 741 (76.3) < 0.0001 
n=971 
East Asian 35 (8.3) 323 (76.5) 
n=422 
South Asian 20 (7.9) 200 (78.7) 
n=254 
Middle Eastern 5 (2.8) 140 (77.3) 
n=181 
Others/Mixed 12 (5.4) 173 (77.6) 
n=223 
*p value comparing children with myopia to those with no myopia 
SE = Spherical Equivalent refraction 
D = diopters 
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Table 7.2: Prevalence of different Myopia levels in the eye with greater refractive error 
Different Myopia Levels, diopters 
n (%of group) 
::::: -0.500 ::::: -1.000 ::::: -2.000 ::::: -3.000 :::::-4.000 ::::: -5.000 :'5-6.000 
Total 86 (4.2) 42 (2.0) 8 (0.39) 4 (0.20) 3 (0.15) 3 (0.15) 2 (0.10) 
n=2051 
Age, mths 
6-11 10(4.1) 6 (2.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
n=241 
12-23 21 (6.6) 12 (3.8) 2 (0.6) 1 (0.3) 1 (0.3) 1 (0.3) I (0.3) 
n=318 
24-35 23 (6.4) 8 (2.2) 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
n=361 
36-47 6 (1.7) 4(1.1) 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
n=351 
48-59 16 (4.7) 5 (1.5) 2 (0.6) 2 (0.6) 2 (0.6) 2 (0.6) 1 (0.3) 
n=340 
60-72 10 (2.3) 7 (1.6) 2 (0.5) 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 
n=440 
Gender 
Male 46 (4.2) 22 (2.0) 3 (0.3) 2 (0.2) 1 (0.1) 1 (0.1) 0 (0.0) 
n=1106 
Female 40 (4.2) 20 (2.1) 5 (0.5) 2 (0.2) 2 (0.2) 2 (0.2) 2 (0.2) 
n=945 
Ethnicity 
Caucasian 14(1.4) 9 (0.9) 3 (0.3) 2 (0.2) 2 (0.2) 2 (0.2) 2 (0.2) 
n=971 
E Asian 35 (8.3) 14 (3.3) 1 (0.2) 1 (0.2) 1 (0.2) 1 (0.2) 0 (0.0) 
n=422 
S Asian 20 (7.9) 10 (3.9) 2 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
n=254 
MEastem 5 (2.8) 2 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 
n=181 
Other/mixed 12 (5.4) 7 (3.1) 2 (0.9) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 
n=223 
D- diopters 
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Table 7.2 as Bar Graphs 
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Table 7.3: Multivariate adjusted associations of Myopia (SE S -0.500 in worse eye) 
compared to Non-Myopia (SE between -0.50 and +2.000 in both eyes) with Ocular 
Conditions and Birth Parameters 
Factor OR(95%CI)* p value* 
Astigmatism, Cyl :::0: 1.000 4.91 (3.11-7.75) <0.0001 
Anisometropia, SE :::0: 1.000 23.72 (8.70-64.68) <0.0001 
Amblyopia 10.94 (1.86-64.41) 0.008 
Strabismus 3.04 (0.86-10.76) 0.084 
Esotropia 23.61 (4.56-122.38) 0.0002 
Exotropia NA NA 
Low Birthweight <2500g 1.58 (0.68-3.67) 0.28 
Prematurity <37 weeks 0.74 (0.26-2.09) 0.57 
Maternal Smoking during 0.56 (0.13-2.41) 0.43 
pregnancy 
Breastfeeding, Yes vs. No 1.91 (0.67-5.45) 0.23 
*Odds ratios (OR) and 95% confidence intervals (CI) using logistic regression analysis, 
adjusted for age, gender, and ethnicity. 
Cyl = cylinder power 
SE = spherical equivalent refraction 
0 = diopters 
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Table 7.4: Multivariate associations of Myopia (SE::: -0.500 in worse eye) compared to 
Non-Myopia (SE between -0.500 and +2.000 in both eyes) with various factors in preschool 
children 
Factors OR (95% CI)* p value* 
Increasing Age (by monthly increment) 0.98 (0.97-0.99) 0.001 
Male Gender 0.89 (0.57-1.38) 0.60 
Ethnicity, Caucasian as reference Reference Reference 
East Asian 5.65 (2.99-10.66) <0.0001 
South Asian 5.37 (2.66-10.86) <0.0001 
Middle Eastern 1.92 (0.68-5.42) 0.22 
Others/Mixed 3.54 (1.61-7.81) 0.002 
Increased time spent on indoor activities 1.24 (0.99-1.55) 0.06 
> 3 hours/day vs. < 3 hours/day 2.48 (1.14-5.37) 0.02 
Increased time spent outdoors 1.01 (0.92-1.12) 0.80 
>3 hours/day vs. < 3 hours/day 0.80 (0.42-1.49) 0.47 
At least 1 myopic parent vs. none 3.07 (1.71-5.49) 0.0002 
Both parents myopic vs. none 10.24 (3.84-27.32) <0.0001 
Higher Parental Education (University) 1.98 (1.06-3.72) O.o3 
Any Parental Employment Yes vs. No 0. 78 (0.40-1.50) 0.45 
House ownership Yes vs. No 1.09 (0.63-1.88) 0.77 
*Odd ratios (OR) and 95% confidence intervals (CI) for age was adjusted for gender and 
ethnicity, OR (CI) for gender was adjusted for age and ethnicity, and the other OR(CI) all 
adjusted for age, gender, and ethnicity. 
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Figure 7.1: Distribution of best presenting visual acuity in the myopic eye (SE ~ -0.50D) of 
preschool children compared to those with no myopia (SE between -O.SOD and +2.00D) 
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Figure 7.2: Comparison of Myopia (SE at least -l.OOD) Prevalence between different 
preschool studies 
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Chapter 8 
Myopia and Urbanisation 
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Myopia and Urbanisation: 
Findings in 6-year-old Children 
Abstract 
Purpose: To investigate associations between myopia and urbanisation factors in a sample of 
children aged 6-years. 
Methods: 1765 (78.9% response rate) 6-year-old school children participated in the Sydney 
Myopia Study during 2003-5. Cycloplegic autorefraction was performed. Myopia was 
defined as spherical equivalent refraction (SER)::; -0.50 dioptres (D), and emmetropia as 
SER between -0.50D and +0.50D in either eye. Demographic information was collected from 
a detailed parental questionnaire. Participants were categorised into 5 regions according to 
the population density of their residential area. 
Results: Among children aged 6 years, the prevalence of myopia was low consistent with 
this age group (1.5%). Parental myopia was more common among inner city children than 
those living in the outer suburbs (39.1% versus 17.3% with one myopic parent), and this was 
associated with a higher risk of myopia development (odds ratio [OR]3.99, 95% confidence 
interval [CI] 1.26-12.61). East Asian ethnicity was found to be significantly associated with 
myopia compared to Caucasian ethnicity (OR 5.66, 95% CI 1.37-23.37). There was no 
overall trend of increasing emmetropia or myopia prevalence across the 5 regions after 
adjusting for co-variants. 
Conclusions: The absence of an increase in myopia prevalence with urbanisation is in 
contrast to our previous findings among children aged 12 years. Predictors such as parental 
myopia and East Asian ethnicity are consistent in both age groups, suggesting that parental 
factors may supersede environmental factors in myopia development at a younger age. 
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Introduction 
Myopia is a frequent refractive error affecting school-aged children worldwide, its 
prevalence varies greatly between countries and the overall prevalence appears to be 
increasing in most countries. Myopia is more prominent in some ethnicities than others, and 
studies have shown a myopia prevalence in certain Asian populations to be as high as 70-
90%. 182•210•211 It has also been reported to be more prevalent among populations residing in 
urbanised areas compared to those residing in rural regions. Myopia has therefore become an 
increasing public health issue, and we have previously reported that it may be responsible for 
symptoms of eye strain, and requires the utilization of eye care services, even at an early 
age. 212 This not only results in a high financial burden in acquiring optical correction, 213 
individuals may also have some physical discomfort from wearing spectacles or contact 
lenses throughout school years. 
Many factors contribute to the development of myopia in children. Genetic influences 
were previously explored in twin studies, where higher rates of myopia were found among 
monozygotic than dizygotic twins. 186•190 Other contributors such as parental myopia98, higher 
parental education214'215 and time spent in outdoor activities177' 179 are also well documented. It 
is well known that as part of the emmetropization process, hyperopia in children declines 
significantly with increasing age. Thus emmetropia at a young age may increase an 
individual's risk of myopia when compared with children hyperopic at the same age.Z01 
There is currently limited literature looking at the associated factors on myopia and 
emmetropia in primary school children. We aimed in this report to investigate the effect of 
urbanisation and other predicting factors on emmetropia and the development of myopia in a 
young population with mixed ethnicity from Sydney, Australia. 
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Specific Methods 
Sample Population 
The Sydney Childhood Eye Study (incorporating the Sydney Myopia Study [SMS]) 
consists of a cross-sectional sample of 1765 (78.9% response rate) year one students 
(primarily aged 6 years). The study was conducted during 2003-2005, where 34 primary 
schools across the Sydney metropolitan area were selected using random cluster sampling 
and stratified by socioeconomic data from the Australian Bureau of Statistics to provide a 
representative sample of Sydney children, with a proportional mix of public, private and 
religious schools. Detailed sampling and examination methods have previously been 
described.216 The study was approved by the University of Sydney Human Research Ethics 
Committee, the New South Wales Department of Education and the Catholic Education 
Office and followed the tenets of the Declaration of Helsinki. Written informed consent was 
acquired from at least one parent and verbal assent from all children prior to examinations. 
Questionnaire Data 
Parents completed a detailed 193-item questionnaire from which each child's 
demographic and ocular history data were acquired. Information gathered included the type 
of housing currently lived in (separate house, apartments, terrace houses or other types), 
ethnicity (self reported; participant's ethnicity was only assigned if both parents shared the 
same ethnic origin, otherwise classified as mixed ethnicity), parental occupation and highest 
level of education obtained by parents (high school or lower, TAFE certificate or diploma, 
university or higher). Parental myopia was ascertained via questions on the age when they 
first required spectacles or contact lenses and whether they were used for distance viewing, 
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near work, or both. Prescriptions of parents' spectacles were obtained from them when 
possible. 
Time spent on near work activities were calculated as hours per week, and included 
activities such as homework, reading, playing musical instruments, using a computer and 
playing video games or hand-held game consoles. Outdoor activities were also calculated as 
hours per week, and included playing outdoors in places like the backyard, park, or beach and 
leisure activities like barbeques, picnics, walks and participating in any outdoor sports. 
Population Density of the Regions 
The categories of population density have previously been described. 184 Briefly, the 
greater Sydney region was divided into 14 areas (defined by the Australian Bureau of 
Statistics), which were then categorised into 5 regions according to their population densities: 
Region I (outer suburban), <100 personslkrn2; Region 2, 100-999 personslkrn2; Region 3, 
1000-1999 personslkrn2; Region 4, 2000-2999 personslkrn2 and Region 5 (inner city), 2:3000 
personslkrn2 Children were allocated into one of these 5 regions according to their residential 
postcode. 
Examinations 
Refraction was measured using a RK-Fl autorefractor (Canon, Tokyo, Japan) 25 to 30 
minutes after the instillation of amethocaine and I% cyclopentolate (2 drops). Most children 
also had tropicamide 1% (I drop) and phenylephrine 2.5% ( 1 drop) to achieve adequate 
mydriasis (pupil diameter 2: 6mm). Adequate mydriasis and cycloplegia are essential for 
accurate autorefraction measurements, as previously outlined.217 Axial lengths (AL) were 
measured using IOL Master (Carl Zeiss Meditec, Oberkochen, Germany) as outlined 
Page 1177 
previously, 169 the average of at least 5 consecutive AL readings were calculated and 
presented in millimetres (mm). 
Definitions of Myopia and Emmetropia 
Myopia was defined as spherical equivalent refraction (SER, sphere+ \6 cylinder) 
SER:::: -0.50 dioptres (D), and emmetropia was defined as between -0.50D and +0.50D in 
either eye. 
Data Analysis 
The data for this report were analysed using SAS (Version 9.1.3, SAS institute, Cary, 
NC, USA). Mixed models were used to examine associations between urbanisation, 
demographic and activity-related factors with SER, before and after adjustment for 
covariates. Logistic regression with a generalised logic link was used to examine associations 
between urbanisation, demographic and activity-related factors and the odds of having either 
emmetropia or myopia. 
Results 
Of2238 eligible children from 34 primary schools, 1765 (78.9%) had parental 
permission to participate in the study. Of these children, 24 were absent on the examination 
day. After excluding children with incomplete questionnaire data, 1621 children (72.4% of 
those eligible) were included for the purpose of this report. Table 8.1 shows the demographic 
characteristics of the children in our sample. The mean age of the sample was 6.7 years (95% 
CI, 6.68-6.72), with a similar number of boys (818, 50.5%) and girls (803, 49.5%, p>0.05). 
Children of European Caucasian ethnicity predominated (1042, 64.3%), compared to those 
with East Asian (265, 16.4%) and other or mixed ethnicities (314, 19.4%). As expected, the 
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majority of our sample resided in the inner city region (Region 5, 33.9% of total). Table 8.1 
also shows the percentage of our sample residing in each region; there is no expected trend of 
increasing numbers of residents from outer suburban to inner city regions (p for trend> 0.05). 
Table 8.2 demonstrates the characteristics of our sample subdivided by the 5 regions. 
Children residing in the outer suburbs were slightly but significantly older than their inner 
city counterparts (p<O.OOO I). There was no regional differences in gender (p=0.25). There 
were some regional differences in ethnicity but no consistent trend by population density. In 
our sample, European Caucasian children predominated in all regions except region 4, and 
only 2 East Asian children were present in region I. We observed a trend toward increasing 
parental myopia (p<O.Ol) and parental tertiary education (p<O.Ol) from the outer suburbs to 
the inner city regions, with the exception of region 4. Surprisingly, children in the outer 
suburbs were found to spend more time on near work activities (p=O.OOI) as well as outdoor 
activities (p<O.OOO I) compared to their inner city counterparts. 
A total of !58 children (9.2%) were found to be emmetropic, including a similar 
number of Caucasian and East Asian children (52 European Caucasian and 45 East Asian). 
Similarly, of the 26 children ( 1.5%) found to be myopic, there were similar numbers of East 
Asian and European Caucasian children (8 European Caucasian and 10 East Asian). 
However, there were more European Caucasian children in the entire sample, meaning that 
the proportion of East Asian children with emmetropia or myopia was considerably higher 
than that in the European Caucasian children (22.4% of East Asian children had emmetropia 
or myopia versus 6.0% of the European Caucasian children, p<O.OOOI). This finding was 
consistent within each region, except region I, where only 2 East Asian children were 
present. 
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Table 8.3 shows the average SER and AL in the right eyes of children across the 5 
regions. Region 4 had the highest proportion of children with emmetropia and myopia 
(14.4%), and no children in region 1 were found to be myopic. There was a significant 
difference in SER between regions I and 5 in the European Caucasian subgroup (p=0.006), 
but not between regions in the East Asian subgroup (p=0.2). In general, European Caucasian 
children were more hyperopic than East Asian children across the 5 regions. In addition, 
children residing in apartments had a lower SER than those living in separate houses and 
terrace houses, whereas children living in terraces had similar SERs to those living in 
separate houses (Table 8.4). However, this association of SERs with different housing types 
did not persist after adjusting for age, gender, ethnicity, near-work, outdoor activity, parental 
myopia and parental education (p=0.2). 
Ethnicity (East Asian versus European Caucasian) was a significant predicting factor 
for combined emmetropia and myopia (OR 2.95, 95% CI 1.66-5.25), as was parental myopia 
(2 parents with myopia versus none, OR 2.67, 95% CI 1.29-5.52). Increasing time spent on 
outdoor activities (for each I hour per week) was associated with a lower prevalence of 
emmetropia and myopia (OR 0.97, 95% CI 0.95-1.00, p value=0.05). We could not 
demonstrate significant associations between emmetropia and myopia with gender, parental 
education or time spent on near work activities after adjusting for age, gender, ethnicity, near-
work, outdoor activity, parental myopia, and parental education (Table 8.5). 
There was no significantly higher risk of emmetropia or myopia across the 5 regions, after 
multivariable adjustment, using region 5 as the reference (Table 8.6). 
Discussion 
Myopia Progression 
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The process of emmetropization entails a significant decline in hyperopia and an 
instability of the SER. 158 Bucklers218 was one of the first to demonstrate this relative 
instability and rapid progression of myopia with increasing age, compared to hyperopia. 
Tokoro et al219 reported that the mean change in myopia was greatest before age IS years, 
which was reinforced by Krause et al. 220 Several studies have also indicated that myopia 
advances most rapidly in the childhood and teenage years, but slows after age 20 years.221•222 
In our sample, children at age 6 years with emmetropia were considered likely to develop 
myopia with increasing age. Therefore, the relative high proportion of children found to be 
emmetropic in our young sample, particularly those of East Asian origin, have a high chance 
of rapid myopia progression later in life. 
Emmetropia and Myopia Prevalence 
The proportion of East Asian children with myopia in the inner city region ( 1. 7%) 
was relatively low compared to the reported myopia prevalence of Chinese children residing 
in urban Guangzhou (3.3% in 5-year old children)109, and in Taiwan (20% in 7-year old 
children)2ll However, the proportion of East Asian children with emmetropia in our study is 
substantially higher (17 .2% in the inner city region) in contrast to our low myopia prevalence. 
This large number of emmetropic children may develop myopia with increasing age, 
potentially corresponding to the higher myopia prevalence seen among older children, and 
evident in our 12-year-old cohort. 184 This finding may have important implications for future 
myopia prevention strategies, where intervention at a very early age may be necessary to curb 
the increasing rates of myopia worldwide. 
Urbanisation 
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We found no statistically significant associations between myopia and urbanisation in 
the 6-year-old cohort, after controlling for factors previously detected, including gender, 
ethnicity, parental myopia, parental education, and time spent on both near work and outdoor 
activities. Although children living in houses were found to be more hyperopic than children 
living in apartments, this relationship did not persist after the multivariate adjustment. This 
finding is in marked contrast to our previously reported findings among 12-year-old children, 
where an increased myopia prevalence was seen with both urbanisation and housing type. 184 
An influence of urbanisation was also not evident on the prevalence of emmetropia. This 
negative finding could be accounted for by the relatively small number of children with 
myopia in this age group. A second, and more likely, hypothesis, is that the influence of 
urbanisation on myopia only becomes apparent until later in childhood. This concept is 
supported by several studies, similar to our previous report, 184 which have shown that adults 
and older children residing in urban areas, when compared to rural residents, have higher 
rates of myopia. 183•184·2ll.223 Our current report may actually be representative of the true 
impact of urbanisation on the refractive status of primary school children, as it is one of the 
first to account for many confounding factors that could potentially influence the findings. 
Predictors of Emmetropia and Myopia 
We found significant correlations between emmetropia and myopia with East Asian 
ethnicity and parental myopia. It is well documented that children of certain ethnicities are 
more prone to develop myopia than others. East Asian children have the highest myopia 
prevalence rates in the world, documented in studies of children residing in urbanised 
countries such as Japan, Taiwan, Hong Kong and Singapore. 100·Hn.to9•167•224 Increased 
population density and crowded living conditions in developed countries are thought to be 
major contributing factors, as well as higher education stress and decreased access to outdoor 
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spaces. 178 We previously reported that the total time spent outdoors, or simply being 
outdoors, appears to have a protective effect against myopia development in children aged 12 
years, but this finding was inconsistent among children aged 6 years. 177 This finding is 
mirrored by our current results when analysing children with myopia alone. However, after 
combining children with emmetropia, the time spent outdoors became a marginally 
significant finding (p=0.05), indicating that being outdoors may reduce emmetropia 
prevalence and subsequent myopia development in young children. Therefore, the easily 
accessible outdoor spaces in suburban Sydney may help to explain our relative low myopia 
prevalence compared to other urbanised cities. 
Parental myopia had a strong influence both on childhood myopia and emmetropia in 
our sample, which persisted after adjusting for other co-variates (2 parents with myopia 
versus none, OR 2.67, 95% CI 1.29-5.52). There was no overall rise in myopia or 
emmetropia prevalence with urbanisation in our sample although we observed a trend of 
increasing parental myopia from the outer suburban to the inner city regions (p<O.OOl). 
Strengths and Limitations 
Despite the relatively small number of myopia cases present in our large cohort, 
which is consistent for this age group, the randomly clustered sample provided a 
representative overview of children residing in metropolitan Sydney. Direct comparison with 
previous results on children aged 12 years184 was possible due to standardised examination 
techniques and objective measurements of refraction. Our findings are limited by the cross-
sectional nature of the study, which cannot attribute causality to myopia progression. In order 
to overcome this limitation, longitudinal data are still needed to reinforce our concept of 
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emmetropia, subsequent myopia progression, and their predicting factors. We are currently 
completing 5-year follow up of this cohort. 
In conclusion, in this study, we demonstrate relatively low myopia prevalence in a 
large, representative, population-derived sample of 6-year-old Australian children. 
Emmetropia was relatively frequent, though not nearly as prevalent as hyperopia, the 
dominant refraction of this age. It seems likely that children with this category of emmetropia 
will potentially progress to myopia as they age, as reflected by the higher myopia prevalence 
observed in older children from similar locations across Sydney. 18•98•184 
An influence of urbanisation does not appear to occur until late childhood, coinciding 
with the time when myopia progression is most rapid, and educational demands increase 
dramatically. Insufficient time spent outdoors, potentially due to decreased access to outdoor 
spaces in more populated areas, appears to have a more direct effect on the development of 
emmetropia and myopia even at relatively young ages. 
Future research should be aimed at exploring longitudinal trends of myopia 
progression from emmetropia in preschool and school children, looking at predictors that can 
be modified before the myopia cascade ensues in adolescence, in hope to halt the myopia 
epidemic worldwide. 
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Table 8.1: Demographics of the 6-year-old sample from Sydney Myopia Study 
Total sample (n) 
Age yrs, mean (95% Cl) 
Gender: 
Female, n(%) 
Male, n(%) 
Ethnicity: 
Caucasian Europeans, n(%) 
East Asians, n(%) 
Other/Mixed, n(%) 
Regions: 
I (Outer Suburban), n(%) 
2, n(%) 
3, n(%) 
4, n(%) 
5 (Inner City) , n(%) 
1621 
6.70 (6.68-6.72) 
803 (49.54) 
818 (50.46) 
1042 (64.28) 
265 (16.35) 
314 (19.37) 
71 (4.38) 
425 (26.22) 
358 (22.09) 
218 (13.45) 
549 (33.87) 
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Table 8.2: Characteristics of the 6-year-old sample, stratified by region 
Region I Region 2 Region 3 Region4 Region 5 
n=7l n=425 n=358 n=218 n=549 
Age* yrs, mean (95% CI) 6.80 (6.71-6.89) 6.90 (6.86-6.94) 6.52 (6.48-6.56) 6.70 (6.65-6.76) 6.65 (6.62-6.69) 
Gender, n(%) 
Girls 32 (45.07) 216 (50.82) 187 (52.23) 115 (52.75) 253 (46.08) 
Boys 39 (54.93) 209 (49.18) 171 (47.77) 103 (47.25) 296 (53.92) 
Ethnicity*, n(%) 
Caucasian 52 (73.24) 264 (62.12) 232 (64.80) 89 (40.83) 405 (73.77) 
East Asian 2 (2.82) 75 (17.65) 77 (21.51) 52 (23.85) 59 (10.75) 
Other/Mixed 17 (23.94) 86 (20.24) 49 (13.69) 77 (35.32) 85 (15.48) 
Parental Myopia*, n(%) 
No parents with myopia 42 (80.77) 231 (70.86) 178 (64.26) 91 (65.47) 231 (49.04) 
I parent with myopia 9(17.31) 83 (25.46) 80 (28.88) 42 (30.22) 184 (39.07) 
2 parents with myopia I ( 1.92) 12 (3.68) 19 (6.86) 6 (4.32) 56 (11.89) 
Time spent doing near work*, 17.66 (15.36-19.96) 14.44 (13.53-15.36) 14.94 (13.95-15.93) 15.73 (14.43-17.02) 13.44 (12.64-14.23) 
hours/week, mean (95% CI) 
Time spent in outdoor activities*, 19.72 (17.58-21.87) 16.94 (16.09-17.80) 16.87 (15.94-17.80) 14.15 (12.94-15.36) 15.50 (14.76-16.25) 
hours/week, mean (95% CI) 
Highest parental education*, n(%) 
High school or less 36 (55.38) 134 (32.92) 96 (27.51) 72 (36.00) 55 (10.19) 
TAFE 20 (30.77) 108 (26.54) 110 (31.52) 60 (30.00) 106 (19.63) 
University 9 (13.85) 165 (40.54) 143 (40.97) 68 (34.00) 379 (70.19) 
Axial length, mm, mean (95% CI) 22.59 (22.43-22. 75) 22.61 (22.54-22.68) 22.54 (22.46-22.61) 22.57 (22.48-22.66) 22.66 (22.60-22.72) 
Population Densityt, persons/km2 49.1-78.5 446.6-921.0 1098.3-1160.7 2282.0-2812.4 3033.5-4162.9 
Individual annual taxable incomet, 39026-40138 36091-57098 37867-44509 36727-38507 47323-65120 
AU$ 
*p<O.OI for differences between regions. tData obtained from the Australian Bureau of Statistics, 2004 Census. 
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Table 8.3: Refraction and myopia prevalence among 6-year-old children, divided by ethnicity and region. Spherical equivalent refraction (SER) 
measured in dioptres (D), axial length in millimetres (mm), with 95% confidence intervals (Cl) 
Region I Region 2 Region 3 Region4 Region 5 
Entire Sample, n 71 425 358 218 549 
Mean SER in right eye* 1.26 (0.84-1.69) 1.33 (1.22-1.44) 1.32 ( 1.25-1.39) 1.32 (1.14-1.51) 1.30 (1.24-1.37) 
MeanAL*,mm 22.67 (22.45-22.88) 22.53 (22.47-22.59) 22.58 (22.51-22.64) 22.56 (22.43-22.69) 22.66 (22.61-22.72) 
Emmetropia n(%) 6 (8.45) 35 (8.31) 28 (7.87) 29 (13.43) 40 (7.38) 
Myopian(%) 0 (0.00) II (2.61) 6 ( 1.69) 2 (0.93) 7 (1.29) 
Emmetropia+ Myopia n(%) 6 (8.45) 46 (10.93) 34 (9.55) 31 (14.35) 47 (8.67) 
Caucasian, n 52 264 232 89 405 
Mean SER in right eye* 1.09 (0.91-1.27) 1.48 ( 1.35-1.61) 1.40 (1.31-1.49) 1.52 ( 1.13-1.91) 1.39 (1.31-1.48) 
Mean AL*, mm 22.72 (22.58-22.87) 22.50 (22.42-22.58) 22.56 (22.46-22.66) 22.52 (22.31-22.72) 22.63 (22.58-22.69) 
Emmetropia n(%) 4 (7.69) 11 (4.21) 10 (4.33) 6 (6.82) 21 (5.26) 
Myopia n(%) 0 (0.00) 3 (1.15) 2 (0.87) 0 (0.00) 3 (0.75) 
Emmetropia+ Myopia n(%) 4 (7.69) 14 (5.36) 12(5.19) 6 (6.82) 24 (6.02) 
East Asian, n 2 75 77 52 59 
Mean SER in right eye* 0. 73 (0.50-0.96) 0.93 (0.52-1.33) 0.94 (0.69-1.18) 1.16 (0.76-1.57) 0.80 (0.51-1.09) 
MeanAL*,mm 22.84 (22.64-23.05) 22.62 (22.20-23.04) 22.63 (22.48-22.79) 22.24 (21.84-22.64) 22.89 (22.67-23.11) 
Emmetropia n(%) 0 (0.00) 12 (16.22) 13 (17.11) 10(19.61) 10 (17.24) 
Myopia n(%) 0 (0.00) 5 (6.76) 4 (5.26) 0 (0.00) I (1.72) 
*Adjusted for age, gender, ethnicity, near-work, outdoor activity, parental myopia, and parental education. 
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Table 8.3: Percentage of myopic children in each region 
All 
East Asian 
•Region 1 
•Region 2 
•Region 3 
IJ Region 4 
ORegion 5 
• Region 1 
• Region 2 
• Region 3 
C Region 4 
0 Region 5 
Caucasian 
• Region 1 
•Region 2 
•Region 3 
C Region 4 
ORegion 5 
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Table 8.4: Proportions of 6-year-old children with emmetropia and myopia by housing type 
Mean SER in Emmetropia Myopia 
right eye*, D n(%) OR*(95% Cl) n(%) OR*( 95% CJ) 
(95% CI) 
Separate 1.31 (1.26-1.36) 99 (8.09) 1.00 (Reference) 20 (1.64) 1.00 (Reference) 
House (Reference) 
(n=l223) 
Terrace 
House 
(n=184) 
1.39 (1.27-1.52)t II (5.98) 0.52 (0.22-1.24) 
Apartment 1.23 (1.11-1.35) t 19 (15.20) 0.82 (0.37-1.84) 
(n=l25) 
3(1.63) 0.89(0.19-4.13) 
3 (2.40) 0.93 (0.17-5.00) 
Emmetropia+ Myopia 
n(%) OR* (95% CI) 
119 (9.73) 1.00 (Reference) 
14 (7.61) 0.58 (0.27-1.25) 
22 (17.60) 0.84 (0.40-1.77) 
• Adjusted for age, gender, ethnicity, parental myopia, parental education, near work and outdoor activities. t p value= 0.24 t p value= 0.21 
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Table 8.5: Predictors of emmetropia and myopia prevalence in 6-year-old children combining 5 
regions, expressed in OR (95% CI), after adjusting for age, gender, ethnicity, parental myopia, parental 
education, near work and outdoor activities 
Emmetropia Myopia Emmetropia+ Myopia 
Age (I week increase) 1.00 (0.99-1.01) 1.01 (0.99-1.03) 1.00 (0.99-1.01) 
Male gender 0.95 (0.61-1.47) 0.81 (0.30-2.18) 0.93 (0.62-1.40) 
East Asian vs. 2.64 (1.42-4.91 )* 5.66 (1.37-23.37)* 2.95 (1.66-5.25)** 
Caucasian 
2 myopic parents vs. 2.37 (1.07-5.26)* 4.89 (0.99-24.33) 2.67 (1.29-5.52)* 
none 
I myopic parent vs. 2.52 (1.56-4.07)** 3.99 (1.26-12.61)* 2.68 (1.71-4.19)** 
none 
Parental education: 
T AFE vs. High school 0.50 (0.27-0.93)* 2.41 (0.47-12.48) 0.61 (0.35-1.08) 
University vs. High 0.46 (0.27-0.79)* 1.14 (0.23-5.83) 0.50 (0.30-0.84)* 
school 
Near work 1.02 (1.00-1.04) 0.99 (0.93-1.06) 1.02 ( 1.00-1.04) 
(I hour/week increase) 
Outdoor activities 0.98 (0.95-l.OO)t 0.96 (0.89-1.03) 0.97 (0.95-l.OO)t 
(I hour/week increase) 
*p<0.05 
**p<O.OOI 
tp value=O. 09 
iP value=0.05 
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Table 8.6: Emmetropia and myopia prevalence comparing the 5 regions, expressed in OR (95% CI) 
after adjusting for age, gender, ethnicity, parental myopia, parental education, near work and outdoor 
activities 
Regions Emmetropia Myopia Emmetropia+ Myopia 
Region I 1.54 (0.52-4.53) NA (No myopia cases) 1.40 (0.48-4.06) 
Region 2 1.04 (0.56-1.94) 1.69 (0.47-6.06) 1.13 (0.64-1.99) 
Region 3 1.04 (0.56-1.94) 0.83 (0.19-3.63) 1.02 (0.57-1.83) 
Region 4 1.26 (0.63-2.53) 0.93 (0.17-5.07) 1.22 (0.63-2.34) 
Region 5 l. 00 (Reference) 1. 00 (Reference) I. 00 (Reference) 
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Prevalence and Associated Factors of Hyperopia 
Purpose: To determine the prevalence and factors associated with hyperopia in a preschool sample. 
Methods: The Sydney Paediatric Eye Disease Study examined 2461 children (73.8% participation), 
aged 6 to 72 months, during 2007-09. Refraction was measured using a Retinomax K-Plus 2 
autorefractor, Canon RK-F1 autorefractor, and/or streak retinoscopy after cycloplegia. Hyperopia was 
defined as spherical equivalent refraction (SE, sphere+ \li cylinder) ::>: +2.00 diopters (D) in one eye. 
Children with SE refraction between -0.50D and 2.00D in both eyes were considered as non-hyperopic. 
Detailed information was gathered from parent questionnaires. 
Results: 2051 children with complete refraction data were included; 388 (18.9%) were hyperopic, 
1577 non-hyperopic, and 86 myopic (SE S -0.50D). Children of Caucasian ethnicity (22.2%) had the 
highest hyperopia prevalence. Hyperopia was strongly associated with other ocular conditions 
including astigmatism::>: l.OOD (odds ratio [OR] 1.7, 95% confidence interval [CI] 1.3-2.2), 
anisometropia::>: l.OOD (OR 14.2, CI 7.0-28.6), amblyopia (OR 20.3, CI 7.5-55.1) and strabismus (OR 
3.8, CI 2.1-6.7). Males were less likely to have hyperopia than females in this sample (OR 0.7, CI 0.5-
0.8). Parental hyperopia, time spent on indoor activities and outdoors, measures of socioeconomic 
status, and birth parameters including low birthweight <2500g and prematurity < 3 7 weeks, were not 
significant hyperopic risk factors in logistic regression analysis (all p ::>: 0.05). 
Conclusion: Hyperopia was found in 18.9% of this multi-ethnic preschool sample, slightly lower than 
that reported by other recent preschool studies in the United States. Caucasian children had the highest 
prevalence of hyperopia. Birth parameters and environmental factors were not risk factors for 
hyperopia in this preschool sample. 
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Introduction 
Hyperopia in children is well recognised to associate with visual impairment, 16·17·63·95.225 
amblyopia/1·73-75·95·156 and strabismus,73•94'95'164 particularly the accommodative form of 
esotropia.94·95·164 Its prevalence varies greatly from <1% to 32% in different childhood 
samples,24,25,27,29-32,95,96,I05,106,10S,I67,226,227 and was reported to affect 13.2% 6-year-old and 5.0% 12-
year-old children from Sydney95 
More recently, population-based studies in the United States and Singapore have reported 
hyperopia prevalence in preschool-aged children from various ethnic backgrounds, using similar 
methodology. The Multi-Ethnic Paediatric Eye Disease Study (MEPEDS)105 from Los Angeles 
reported hyperopia of at least +2.00D in 26.9% of Hispanic and in 20.8% African-American preschool 
children. 105 The Baltimore Paediatric Eye Disease Study (BPEDS), 106 also from the United States, 
reported hyperopia in 31.5% white and 17.4% African-American children. 106 The Strabismus, 
Amblyopia, and Refractive Error study (STARS)96 reported a hyperopia prevalence of7.8% among 
Singaporean Chinese children, also aged 6 to 72 months.% To the best of our knowledge, they have not 
reported factors associated with hyperopia in preschool children to date. We aimed, therefore, to 
determine the prevalence and predicting factors of hyperopia in a multi-ethnic sample of preschool 
children, residing in Sydney, Australia. 
Specific Methods 
A total of 2051 children were included in this report after excluding children with incomplete 
or missing refraction data (n=410). 
Questionnaires 
Spectacles worn by the parents, when brought to the examinations, were measured using a 
vertometer (Nidek LM990 Auto Lensmeter, Nidek Co. Ltd., Japan) and recorded by the examiners to 
determine the type of the parent ametropia. In cases where parents did not bring their spectacles, 
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parental ametropia was ascertained from questionnaires where parents gave details about whether they 
wore spectacles, and if yes, what they were for. Hyperopia was assumed if the parents wore spectacles 
or contact lenses for reading or near vision, or if the spectacles measured:::: +2.000 in SE refraction. 
Definitions 
Refractive Errors 
Hyperopia was defined as SE refraction (sphere+ \li cylinder) of at least +2.00 diopters (D) in 
the worse eye (eye with greater refractive error) unless otherwise specified. Astigmatism was defined 
as cylinder power:::: l.OOD, and anisometropia as SE difference:::: 1.000 between the two eyes. 
Children were categorised as non-hyperopic if their SE refraction was between -0.500 and +2.000 in 
both eyes. 
Statistical Analysis 
SAS (version 9.2, SAS institute, Cary, NC) was used for all data analyses in this report. Only 
children with complete cycloplegic refraction data were included in the analyses (n=205l ). 
T -tests were used to compare means for continuous variables, and chi-square tests were used to 
compare proportions of categorical factors in the hyperopic and non-hyperopic groups, as well as to 
calculate p values for comparing hyperopia prevalence between the studies (Figure 9.2). The 
hyperopia prevalence of other preschool studies was standardised by age to the SPEDS study 
population. Multi-variable adjusted logistic regression models were constructed to assess associations 
of hyperopia while adjusting for age, gender, and ethnicity. Odds ratios (OR), and 95% confidence 
intervals (CI) were reported. Statistical significance was determined asp< 0.05. 
Results 
Of205l SPEDS children with complete refractive data, 388 (18.9%) were found with 
hyperopia of SE:::: +2.000 in at least one eye. The highest hyperopia prevalence (32.8%) was observed 
in the youngest age group of 6-ll months, while the lowest ( 12.7%) was in the oldest age group of 60-
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72 months. More girls (22.1%, n=209) had hyperopia than boys (16.2%, n=l79) in our sample. 
Children of Caucasian ethnicity had the highest hyperopia prevalence (22.2%), followed by Middle 
Eastern (19.9%), others/mixed ethnicities (17.0%), East Asian (15.2%), and lastly, children of South 
Asian ethnicity (13.4%). There were significant age-, gender-, and ethnicity-related differences 
between hyperopic and non-hyperopic children in this sample (p<0.0001, 0.0006, 0.02 respectively) 
(Table 9.1 ). 
Table 9.2 shows the prevalence of SPEOS children using different levels of hyperopia, 
stratified by age, gender, and ethnicity. Overall, there were 18.9% (n=388) children with hyperopia of 
at least +2.000 in SPEOS, with the prevalence decreasing to 5.9% (n=120) when a cutoff of +3.000 
was used. There were 54 (2.6%) children with SE 2: +4.000, of whom 15 (0.7%) had SE 2: +6.000 in 
at least one eye. Children of Caucasian ethnicity had the highest hyperopia prevalence across most 
hyperopia levels. 
Figure 9.1 outlines the presenting VA in children with and without hyperopia in SPEOS. The 
mean presenting VA for children with hyperopia was 20/32, one line worse than the mean VA for 
those children with no hyperopia (20/25, p=0.0002). 
Using multivariate logistic regression analysis, hyperopia 2: +2.000 was significantly 
associated with astigmatism of2: 1.000 (OR 1.68, CI 1.27-2.22), anisometropia 2: 1.000 (OR 14.16, CI 
7.02-28.57), amblyopia (OR 20.31, CI 7.49-55.06), both esotropia (OR 11.66, CI 3.64-37.41) and 
exotropia (OR 2.25, CI 1.09-4.63) in this sample, after adjusting for age, gender, and ethnicity (Table 
9.3). Hyperopia prevalence decreased with increasing age (OR 0.98, CI 0.98-0.99, p<0.0001), and 
males were found with less hyperopia than females (OR 0.66, CI 0.53-0.83) which persisted after 
adjusting for age and ethnicity. East Asian (OR 0.67, CI 0.49-0.91) and South Asian children (OR 
0.61, CI 0.41-0.91) were less likely to have hyperopia than Caucasian children, but there were no 
statistical differences between other ethnicities (all p2:0.05). There were no significant associations of 
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hyperopia with time spent indoors on activities including reading (OR 1.03, CI 0.93-1.15), time spent 
outdoors (OR 1.03, CI 0.98-1.09), parental hyperopia of~ +2.00D (OR 1.19, CI 0.85-1.68), higher 
parental education of at least an university degree (OR 0.85, CI 0.65-1.12), parental employment yes 
vs. no (OR 1.16, CI 0.78-1.73), or various birth factors including low birthweight <2500g (OR 1.13, CI 
0.69-1.86), premature births <37 weeks (OR 1.28, CI 0.83-1.99), maternal smoking during pregnancy 
(OR 0.85, CI 0.54-1.35), or breastfeeding (OR 0. 77, CI 0.54-1.11) (Tables 3 and 4). 
Figure 9.2 compares the hyperopia prevalence (SE ~ +2.00D) by age between SPEDS (18.9%), 
MEPEDS (23.9%),105 BPEDS (23.6%), 106 and Chinese children from STARS (7.8%).96 After age-
standardising to the SPEDS sample, adjusted hyperopia prevalence for MEPEDS was 24.0% (Hispanic 
27.2%, African-American 20.7%), BPEDS 24.5% (White 32.4%, African-American 18.0%), and 
STARS 8.2%. There were significant differences in prevalence between the studies in all age groups 
(p<O.OOOl) 
Discussion 
Hyperopia of at least +2.00D in one eye was detected in 18.9% of preschool children in 
SPEDS. Children of Caucasian ethnicity had the highest hyperopia prevalence at 22.2%, while children 
of South Asian ethnicity had the lowest hyperopia rate at 13.4%. This prevalence was slightly higher 
than the reported 13.2% among 6 year-old children also from Sydney,95 but was lower than the 
reported 31.5% in 1030 white children from the BPEDS,106 and 26.9% in 3030 Hispanic children from 
the MEPEDS. 105 However, it was comparable to the reported rates among African-American children 
from both the BPEDS (17 .4%)106 and MEPEDS (20.8%). 105 Our prevalence more than doubled the 
reported 7.8% in 2639 Singaporean Chinese children, also aged between 6 and 72 months, employing 
the same hyperopia threshold.96 
It is well recognised that hyperopia prevalence varies vastly between ethnicities, potentially due 
to genetic differences. In SPEDS, Children of Caucasian ethnicity had the highest hyperopia 
Page 1197 
prevalence, consistent with the previous findings from the Sydney Myopia Study (SMS).95 Of the 1724 
examined 6 year-old SMS children, Caucasian subgroup had the highest hyperopia prevalence 
(18.9%)95 By comparison, children of East (6.8%) and South Asian (2.5%) ethnicities had much 
lower hyperopia rates,95 consistent with SPEDS fmdings. A possible explanation might be the higher 
myopia prevalence often seen in children of Asian ancestries?4•25•27•32'96•100·108•113•167•168 Studies have 
shown that children of East Asian ethnicity frequently have higher rates of myopia than their non-
Asian counterparts, even within the same study location,98' 160'169'170•228 suggesting its strong genetic 
predisposition in addition to potential environmental influences. 
Hyperopia prevalence decreased with increasing age in SPEDS, which persisted after adjusting 
for gender and ethnicity (p<O.OOO I). This was consistent with findings from other 
studies, 24'30•95•96• 105'108•109•229 and was most likely due to the process of emmetropization.158•230.231 
However, the prevalence of hyperopia remained significant, affecting close to 20% of children aged 
older than 12 months. This persisting hyperopia beyond the first year of age has been reported to 
associate with greater risks of visual deficits, amblyopia, and strabismus in 
children. 17•18•71 ·94•95•156•163•164.204•232•233 A recent longitudinal study from Tennessee156 screened over 
221,720 children (mean age 39.6 months}, and found that a high proportion (33%, 49/149) of children 
with significant hyperopia of at least +3.75D on cycloplegic refraction, subsequently developed 
amblyopia after a mean follow-up period of 38.5 months. 156 This shows a strong hyperopia-amblyopia 
affiliation, reinforced by several other reports.71 •163'234 We previously reported that 32/1739 6-year-old 
SMS children with amblyopia had a mean refraction of+3.17D, more hyperopic than the mean +1.26D 
found in the non-amblyopic fellow eye.71 Similarly, a much higher proportion ofamblyopic children in 
the 12-year-old cohort was found with hyperopia ( 51.2%) than their non-amblyopic counterparts 
(4.1%, p<0.0001). 163 Therefore, it can be assumed that 54 (2.6% of2051) of the examined SPEDS 
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children, who had hyperopia of at least +4.00D, might be at an increased risk of developing amblyopia 
in the near future. Longitudinal follow-up of the current cohort is needed to confirm this speculation. 
A significant gender difference in hyperopia prevalence was noted in SPEDS. Girls were more 
likely to have moderate hyperopia of::>: +2.00D than boys in our sample, which persisted after adjusting 
for age and ethnicity (p=0.002). This finding could be extended to the 6-year-old cohort from SMS, 
where a higher proportion of girls ( 15.5%) was also found with moderate hyperopia than boys (10. 9%, 
p=0.005),95 consistent with other childhood samples.Z8•30•31 ·229 
Strabismus was significantly more frequent in children with hyperopia than those without. 
Atkinson and colleagues reported that infants with hyperopia of greater than + 3 .SOD were 13 times 
more likely to develop strabismus than those with low hyperopia or emmetropia.235 The association 
between hyperopia and esotropia is well documented, 73•94•95•164•236"242 with a positive fiunily history of 
strabismus, reduced stereopsis, and anisometropia posing as potential risk factors of esotropia 
development in hyperopic children.238'241 '242 Weakley and colleagues238 also suggested that 
anisometropia-induced esotropia in hyperopic children (mean age 49 months), might not respond fully 
to spectacle correction. Studies have also shown an increase in hyperopia before the onset of esotropia 
in children, 243•244 with varying SE changes over time in those children with concomitant 
esotropia.236•237 In SPEDS, we found fairly equal numbers of hyperopic children with esotropia (n=ll) 
and exotropia (n=l2). This differed from our previous findings in 6- and 12-year-old children from 
SMS, where esotropia (70%) was the most common strabismus subtype. 95 The decline of esotropia has 
been speculated previously due to the earlier spectacle correction of hyperopia in children.73•240 
However, given the relatively low number of children wearing spectacles in the SPEDS examinations 
overall (n=13), we suspect that this was not the case. Another possible explanation of the decline of 
esotropia could be the higher proportions of East and South Asian children in the SPEDS sample, as 
children of these ethnicities have been previously found with lower rates of esotropia than the 
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Caucasian subgroup,77•159•206•207 possibly interlinked with the lower hyperopia prevalence in these 
etbnicities. 
The optimal age for spectacle correction, type and magnitude of refractive errors in children 
remains controversiaL245' 250 In particular, the correction of hyperopia in children is never simple as the 
ability to accommodate varies greatly between individuals, 251 making it difficult to ascertain the most 
appropriate threshold for initiating treatment. Additionally, there are concerns that earlier correction 
may impede or impair the normal emmetropization process in infants, 233•250•252 although some studies 
have suggested the contrary/30'235 especially in the context of partial hyperopia correction. 235 Atkinson 
and colleagues have suggested a >50% reduction in the incidence of accommodative esotropia with 
spectacle correction, among 4-year-old children with hyperopia of at least +4.00D. 235 Universal goals 
for correcting hyperopia in children by ophthalmologists and optometrists often include improving 
visual acuity, preventing amblyopia and strabismus, improving binocularity, and reducing symptoms 
such as eyestrain and headaches.248'249'253 '254 The American Academy of Paediatric Ophthalmology 
guidelines, 255 adapted by the BPEDS, 106 recommends correction of hyperopia with no esotropia at 2: 
+6.00D for children aged 6-11 months; 2: +5.00D for those aged 12-23 months; 2: + 4.50D for those 
aged 24-47 months, and finally, 2: +3.50D for those children aged 48 to 71 months. As for those 
children with esotropia, the threshold for correction is lower at> +2.00D. This equates to a total of 54 
( 13.9% of 388) children from SPEDS who could potentially benefit from spectacle correction. 
However, only 4 (7.4% of 54) of these children who met the criteria were prescribed glasses, and 3 
brought them to the SPEDS examinations. It has been speculated that spectacle correction of hyperopia 
in children before 3 years of age, if not earlier, might be beneficial in reducing severe residual 
amblyopia, especially in those with coexisting strabismus.234•235•256 Given the low percentage of 
spectacle correction for hyperopia in SPEDS, further work is required to encourage the detection and 
adequate correction of hyperopia in preschool children. However, amblyopia treatment is often more 
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complex than just optical correction, and the efficacy of treatments depend on many factors including 
the initial severity of amblyopia, baseline visual acuity, age of diagnosis and treatment, duration of 
patching, the cause of amblyopia, and compliance with treatment.83•89•249·257•258 Therefore, whether 
hyperopia-related amblyopia can be treated with refraction correction alone remains questionable, and 
is beyond the scope of this paper. 
Key strengths of this study include its large sample size, population-based design, and 
standardised procedures carried out by trained orthoptists and medical officers. To the best of our 
knowledge, we are the first Australian study to investigate the prevalence and associations of moderate 
hyperopia in a multi-ethnic sample of preschool children. Although most autorefraction measurements 
were carried out by the same examiners to minimise variability, two different autorefractors were 
adopted in the study and this might introduce slight variations between refractive measurements. A 
recent study on 51 Singaporean children showed that the Retinomax autorefractor produced slightly 
less hyperopic readings than the Canon table-mounted device, 12 which was consistent with a slight 
difference of +O.llD in mean SE refractions between the two devices found in this sample, where the 
Retinomax also produced the less hyperopic reading than the Canon device. Although +O.llD is 
arguably subclinical, it could potentially underestimate the hyperopia prevalence in those children who 
only had the Retinomax autorefraction measurements (28% in SPEDS). However, we attempted to 
minimise this "minus' effect of the Retinomax autorefractor by using Canon autorefraction and 
retinoscopy readings instead of the Retinomax measurement, when available. 
In sununary, hyperopia of at least +2.00D in one eye was found in 18.9% of this Australian 
preschool sample, lower than that found in similar-aged children in the United States, 105•106 but double 
the rate found in Chinese children from Singapore96 It is however, higher than the hyperopia 
prevalence (13.2%) previously reported in older children also from Sydney, reflecting the steady 
decline of hyperopia with increasing age, consistent with the process of emmetropization. Children of 
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Caucasian ethnicity were more likely to have hyperopia than children from other ethnicities, with 
significantly more girls than boys affected. There were no statistically significant associations of 
moderate hyperopia with birth parameters, maternal smoking during pregnancy, and measures of 
socio-economic status, similar to our previous findings among school-aged children.95 However, 
hyperopia was significantly associated with many ocular conditions including astigmatism, 
anisometropia, amblyopia, and strabismus in SPEDS, with fairly equal numbers of esotropia and 
exotropia among hyperopic children. Around 14% of hyperopic children could potentially benefit from 
spectacles based on the adapted American Academy of Paediatric Ophthalmology guidelines,255 but 
only 4 of these children ( 1.0%) had previous prescriptions. This suggests that further work is warranted 
to improve the current screening and detection of hyperopia, an area that is relatively under-researched, 
among preschool children in Sydney. 
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Table 9.1: Characteristics of preschool children with Hyperopia (SE ~ +2.00D in one eye) and those 
with no hyperopia (SE between -0.50D and +2.00D in both eyes) 
Hyperopia No Hyperopia p value* 
n~%~ n~% 
Total 388 (18.9) 1577 (76.9) 
n=2051 
Age, months <0.0001 
6-11 79 (32.8) 152 (63.1) 
n=241 
12-23 63 (19.8) 234 (73.6) 
n=318 
24-35 65 (18.0) 273 (75.6) 
n=361 
36-47 60(17.1) 285 (81.2) 
n=351 
48-59 65 (19.1) 259 (76.2) 
n=340 
60-72 56 (12.7) 374 (85.0) 
n=440 
Gender 0.0006 
Female 209 (22.1) 696 (73.7) 
n=945 
Male 179 (16.2) 881 (79.7) 
n=1106 
Ethnicity 0.019 
Caucasian 216 (22.2) 741 (76.3) 
n=971 
East Asian 64 (15.2) 323 (76.5) 
n=422 
South Asian 34 (13.4) 200 (78.7) 
n=254 
Middle Eastern 36 (19.9) 140 (77.3) 
n=181 
Other/Mixed 38 (17.0) 173 (77.6) 
n=223 
*p value comparing children with to those without hyperopia 
SE = spherical equivalent refraction, D = diopters 
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Table 9.2: Prevalence of different Hyperopia levels in SPEDS children 
Levels of Hyperopia, SE in diopters 
n (% of group) 
:::>:+2.00 :::>:+3.00 :::>:+4.00 :::>:+5.00 :::>:+6.00 
Total 388 (18.9) 120 (5.9) 54 (2.6) 28 (1.4) 15 (0.7) 
n=2051 
Age, months 
6-11 79 (32.8) 28 (11.6) 9 (3.7) 2 (0.8) I (0.4) 
n=241 
12-23 63 (19.8) 10(3.1) 4 (1.3) 4 (1.3) 0 (0.0) 
n=318 
24-35 65 (18.0) 23 (6.4) 10 (2.8) 5 (1.4) 3 (0.8) 
n=361 
36-47 60(17.1) 20 (5.7) 10 (2.8) 5 (1.4) 4(1.1) 
n=351 
48-59 65 (19.1) 18 (5.3) 9 (2.6) 6 (1.8) 2 (0.6) 
n=340 
60-72 56 (12.7) 21 (4.8) 12 (2.7) 6 (1.4) 5 (1.1) 
n=440 
Gender 
Male 179 (16.2) 56(5.1) 30 (2.7) 18 (1.6) 11 (1.0) 
n=ll06 
Female 209 (22.1) 64 (6.8) 24 (2.5) 10 (1.1) 4 (0.4) 
n=945 
Ethnicity 
Caucasian 216 (22.2) 72 (7.4) 34 (3.5) 17 (1.8) 8 (0.8) 
n=971 
EAsian 64 (15.2) 20 (4.7) 6 (1.4) 4 (0.9) 4 (0.9) 
n=422 
S Asian 34 (13.4) 8 (3.1) 2 (0.8) I (0.4) I (0.4) 
n=254 
MEastem 36 (19.9) 10(5.5) 5 (2.8) 2 (1.1) I (0.6) 
n=l81 
Other/mixed 38(17.0) 10 (4.5) 7 (3.1) 4 (1.8) I (0.4) 
n=223 
SE = spherical equivalent refraction 
D = diopters 
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Table 9.3: Multivariate Associations of Hyperopia (SE 2:: +2.00D) with ocular conditions and birth 
parameters 
Factor Number With OR(95% CI)* p value* 
Hyperopia 
Astigmatism, 90 (27.1) 1.68 (1.27-2.22) 0.0003 
Cyl2:: l.OOD 
Anisometropia, 35 (76.1) 14.16 (7.02-28.57) <0.0001 
SE 2:: 1.00D 
Amblyopia 20 (80.0) 20.31 (7.49-55.06) <0.0001 
Strabismus 23 (46.0) 3.76 (2.10-6.73) <0.0001 
Esotropia 11 (73.3) 11.66 (3.64-37.41) <0.0001 
Exotropia 12 (34.3) 2.25 (1.09-4.63) 0.029 
Low Birthweight <2500g 22 (20.8) 1.13 (0.69-1.86) 0.62 
Premature <3 7 weeks 29 (22.5) 1.28 (0.83-1.99) 0.27 
Maternal Smoking during 26 (18.6) 0.85 (0.54-1.35) 0.49 
pregnancy Yes vs. No 
Breastfeeding Yes vs. No 231 (19.0) 0.77 (0.54-1.11) 0.16 
*Odds ratios (OR) and 95% confidence intervals (CI), using logistic regression analysis, adjusted for 
age, gender, and ethnicity. 
SE = spherical equivalent refraction, Cyl = cylinder power 
D = diopters 
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Table 9.4: Multivariable Associations of Hyperopia (SEat least +2.000) in preschool children 
Factor OR(95% CI)* p value* 
Increasing Age (monthly increment) 0.98 (0.98-0.99) <0.0001 
Male Gender 0.66 (0.53-0.83) 0.0003 
Ethnicity, Caucasian Reference Reference 
East Asian 0.67 (0.49-0.91) 0.01 
South Asian 0.61 (0.41-0.91) 0.01 
Middle Eastern 0.89 (0.60-1.34) 0.58 
Others/Mixed ethnicities 0.73 (0.49-1.07) 0.10 
Parental Ametropia 0.81 (0.61-1.07) 0.14 
Parental Hyperopia 1.19 (0.85-1.68) 0.32 
Parental Education 0.85 (0.65-1.12) 0.25 
Parental Employment 1.16 (0.78-1.73) 0.46 
House ownership 0.82 (0.62-1.08) 0.16 
Time spent on indoor activities 1.03 (0.93-1.15) 0.59 
2:3 hours vs. < 3 hours 0.88 (0.62-1.25) 0.47 
Time spent outdoors 1.03 (0.98-1.09) 0.18 
<::3 hours vs. < 3 hours 0.80 (0.59-1.08) 0.15 
*Odds ratios (OR) and 95% confidence intervals (CI), using logistic regression analysis, adjusted for 
age, gender, and ethnicity. 
SE = spherical equivalent refraction, D = diopters 
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Figure 9.1: Distribution of best presenting visual acuity in preschool children with hyperopia (SE ~ 
+2.000 in at least one eye) compared to those without hyperopia (SE between -0.50D and 2.00D in 
both eyes) 
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Figure 9.2: Comparison of Hyperopia (SEat least +2.00D) prevalence between preschool studies 
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This Thesis has provided detailed information on the testability of common eye measures, 
reference age limits for applying these tests; differences in refractive measurements between different 
autorefraction devices; and the prevalence, risk factors, and associations for ocular conditions 
including visual impairment, amblyopia, myopia and hyperopia, in a relatively large sample of multi-
ethnic preschool-aged children residing in metropolitan Sydney, using standardised examinations 
procedures comparable to other international preschool studies. This could be the first Australian study 
to report population-based data using a preschool-aged sample, which could be used by local 
government agencies or health facilities to plan and implement vision screening programs, as well as 
by individual health care professionals involved in paediatric eye care. There has been no standardised, 
routine vision screening service available for preschool children in New South Wales (NSW) to date. 
However, a new government initiative, Statewide Eyesight Preschool Screening (StEPS, 
http://www.health.nsw.gov.au/initiatives/steps/index.asp), has been introduced by the NSW Health 
Department targeting vision-screening of 4-year -old children in child care centres. This program relies 
on the collaboration between local area health services and day care facilities, and for those children 
outside the 4-year age range and not enrolled in a day care centre, the detection and management of 
ocular pathologies will still depend heavily on the vigilance of concerned parents and from self-referral 
to primary care clinicians (general practitioners) and specialists. The overall penetration and 
effectiveness of the StEPS program is not yet known. Therefore, it is of interest to investigate the 
prevalence and associated factors of common ocular problems including amblyopia, visual impairment, 
and refractive errors in children of the preschool age range, where no standardised screening is 
available, and when crucial visual development is most active and sensitive to influences. 
Using the data from 2461 children examined in the Sydney Paediatric Eye Disease Study 
(SPEDS), we found that both the Retinomax and Canon autorefractors were highly testable in 
preschool children. The Retinomax autorefractor was particularly testable even in the very young (24 
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months}, consistent with results from other preschool studies.4 '9 The Canon device was also testable, 
but in relatively older children (~48 months) compared to the Retinomax, mainly due to the longer 
attention time required and the table-mounted design of the device. This finding was consistent with 
the results from the Singapore STARS group,2 suggesting a uniformity of this autorefraction testability 
in preschool children from different countries. Over 70% of our sample was testable using the 
IOLMaster and digital retinal photography at 48 months of age. The Lang II stereotest could be 
completed by children as young as 6 months of age, and the Randot was feasible for slightly older 
children (42 months). There were few gender- or ethnicity- related differences in testability measures 
for these commonly applied eye tests in SPEDS. 
Although the Retinomax autorefractor was highly testable in preschool children and was quick 
and easy to use, we found that there were small but significant SE differences when using this device 
compared to the Canon table-mounted device and the gold-standard retinoscopy after cycloplegia. This 
difference was also evident in other studies.12' 14 The SE differences were arguably subclinical 
(:50.26D), but might be of importance given the stringent SE cutoffs used to define refractive errors, 
and the widespread use of the Retinomax in paediatric population studies. Caution is also required in 
interpreting autorefraction measurements in clinical practice, prior to prescribing an optical correction 
for children. 
Visual impairment (VI) was found in at least one eye of6.4% and in both eyes of2.7% of 
preschool children. This VI prevalence was similar to that reported by studies from the United 
States16•63 and Singapore64 The main causes of VI in the preschool age range were uncorrected or 
under-corrected refractive errors ( 69.7% ), particularly astigmatism ( 51.3%) and hyperopia (28.9% ). 
Amblyopia (26.3%) was also a common cause of VI in SPEDS. Our findings were consistent with 
other recent preschool studies, 16•63.65 ' 150 and could also be extended to 6-year-old children from SMS. 17 
This suggests that the majority of VI cases in preschool children were refraction-related and could 
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resolve with correction. This could be a future focus in public health strategies, in which educating 
parents might improve the awareness and subsequent management of ametropia among preschool 
children, in hope of reducing the overall prevalence ofVL Further, low birthweight (<2500g) was 
significantly associated with VI in SPEDS, implying the potential yield of vigilant vision screening in 
preschool children, especially in those with low birthweight. 
Amblyopia was found in 1.9% of SPEDS children, almost identical to that found previously 
among 6 year-old children in SMS (1.8%)/1 and very similar to the reported prevalence by other 
Western preschool studies.73•74 It is slightly higher than the reported prevalence (1.2%) found among 
Chinese children in Singapore, 75 most likely due to the lower rate of hyperopia and strabismus, known 
to frequently associate with amblyopia in East Asian children.75•78' 81 '94-98 Hyperopia (66.7%) and 
astigmatism ( 48.1%) were again reported to be major contributing factors, in addition to anisometropia 
(33 .3%) and strabismus (3 7.0% ). This shows a consistency in causes of amblyopia in both preschool-
and school-aged populations, where early detection is possible and might be beneficial in preserving 
eyesight. However, we found a much lower rate of previous diagnoses among preschool children in 
SPEDS (11.1 %) compared to the 6 year-old SMS school children (71.9%)/1 suggesting further work is 
needed to improve amblyopia detection in preschool children. Diagnosing amblyopia at an earlier age 
will allow adequate time for interventions, as amblyopia treatments had been reported to yield the best 
outcomes during early visual development, before 7 or 8 years of age in most children82' 89 
Myopia was not as prevalent in Australian preschool children (4.2%) compared to similarly-
aged children from the United States105' 106 and Singapore (Figure 7.2) ,96 which could be reflective of 
the unique Australian lifestyle where academic pressure does not start early in childhood, in addition to 
plenty of access to outdoor spaces. 227 Another likely reason was the ethnic variations between the 
studies, where children of Caucasian origin were reported with lower myopia rates than children of 
Asian ethnicities98•160·170•177 Other genetic influences apart from ethnicity, such as parental myopia, 
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were also strongly associated with myopia in the SPEDS. Environmental factors on the other hand, 
including time spent outdoors, and birth parameters like low birthweight and premature births, were 
not apparent myopic risk factors in the preschool sample. Certain urbanisation measures were also not 
apparent myopic factors among 6 year-old Sydney children. Greater amounts oftime spent on certain 
indoor activities, such as watching television!DVD/playing video games where concentration was 
required, increased the likelihood of myopia in children, more so in those with a positive family history 
of myopia. This demonstrates the complex nature of early myopia development, with interactions of 
genetic differences with many environmental influences, some more apparent than others, early on in 
childhood. 
Compared to myopia, hyperopia is a relatively under-researched area in children. Most infants 
have hyperopic refractions, with more than 95% of infants having hyperopic SE refractions up to 
+3.500,157 covering a great range of accommodating capabilities between individuals.251 However, the 
persistence of hyperopia beyond the age of one year is known to be associated with greater risks of 
visual problems including amblyopia and strabismus. 17•18•71•94•95•156•163.164•204•232.233 In SPEDS, we found 
significant associations of hyperopia(:::>: +2.00D) with amblyopia, esotropia, exotropia, astigmatism, 
and anisometropia. Anisometropia-induced esotropia in hyperopic children has also been shown to 
have a poorer response to spectacle correction compared to those without anisometropia238 It is 
therefore, of concern that of the 54 hyperopic children who met the threshold for spectacle correction 
in SPEDS,255 only 4 had previous prescriptions. Longitudinal follow-up of this preschool cohort is 
required to determine the long-term visual outcomes of these children. 
This thesis aims to initiate some future directions in implementing preschool vision screening, 
and has set some appropriate age limits and discussed the potential variations in applying common eye 
tests in a large sample of Australian preschool children, with diverse ethnic and cultural differences. 
The reported prevalence of VI, amblyopia, and refractive errors could be extended to represent the 
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general preschool population in metropolitan Sydney, with follow-up of this preschool sample 
encouraged to determine the temporal associations and outcomes of common ocular problems affecting 
Australian children. 
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Figure 7.2: Comparison of Myopia (SEat least -l.OOD) Prevalence between different preschool 
studies 
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la{}{OOH UO!lEU!l.UEX3 
.Apnls aseas!a a.A3 =>!llE!paed .Aaup.As aqr 
Child's ID No. 
Child Details 
First name Gender: D Male D Female 
Last name 
Date of birth: DITJ~ I I I Age in Months: D=:J 
The Sydney Paediatric 
Eye Disease Study 
, -- \ 
• Sydney Po0dia1ric Eye Disease Study • 
Examination Booklet 
Adult Details 
Child brought in by (Name): 
Relationship to child: 
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Reception to follow up 
Affix 
Auto-Vertometer Tape 
Here 
D Vision Recheck 
D Vision Recheck after child gets glasses 
D Vision Recheck after home pre-training with LEA symbols 
D Parent glasses measurement to follow up (back page) 
D Siblings glasses measurement to follow up (back page) 
D Vision Quality of Life Survey to Administer 
D Other: 
DCD1 I I I Date of examination: I Examiners 
Initials: 
START TIME: : AM/PM 
1. Childs Vertometry 
Child's Current glasses: 
unifocal D no glasses D 
bifocal. D glasses not brought D 
multifocal D missing D 
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2. History: Initial Eye Sight Question 
Has your child ever had any eye problems? 
(Such as amblyopia (poor vision), lazy eye, eye turn, strabismus, eye surgery or 
wears glasses.) 
0No 
DYes -7 if yes, Parent to fill out EXTRA vision quality of life survey and attach in 
file. 
Child's EH: i.e. Glasses, Patching, Squint, Eye Turn 
Family EH: 
Please Tick When Completed 
Any section marked as ABNORMAL must be detailed in the comments section by Orthoptist and Dr. 
(Please attach side tab to reference pages with abnormalities). 
~ - -- ~ --- ! Unable ' Test Abnormal -N/Aor Normal 
Comment 
Vision 0 Has D D D 
Glasses 
Cover TesU Eye Motility D I D I D 
-
Colour Vision 
o o I o I o 0Amblyopia 
I 0 Nystagmus 
- --
Other 
~-lamp D 
~us Examination 0 
~us Photography - _____ g ~- __ ~ 
~2Months 
letinoscopy (SE) D 
I 
I 
LA.. 
-- g -- + ~-i ~-
0 > +3.50 0 (Hyperopic) 
0 ~ -0.50 0 (Myopic) 
0 r o -· 
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r 
Months 
1legic (SE) 
,refraction 
!Retinoscopy 
1 D +2.25 - < +3.ooo 
(Mild hyperope) 
D > +0.25o- < 
+2.25 (Normal) 
· D > -0.5o- < +0.25o 
(Mild myope) 
0 ~ +3.00 0 (Hyperopic) 
0 s -0.500 (Myopic) 
0 Anisometropia ;:: 1 0 
0 Astigmatism i!: 10 
[ Completed j Unable 
D 
I 
~Pressure l 0 I --- 0 I 
~thropometry 0 0 -
IOL Master 0 0 
-- 1 Referral needed: 
Referral Needed? D Urgent 
Referral: 
D 
N/A 
- -D 
I DNo DYes~ 
1 
I OWithin 1-2 months 
D Recommendation for parent to reassess vision in 1-2 
years 
L-
Visual Acuity: 
Stereopsis: 
Strabismus: 
Slit Lamp 
Fundus: 
Comments: 
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LA. 
.... 
L....._ 
13a. Hirschberg I Corneal Reflections without Glasses 
PERFORM ON ALL CHILDREN 
Are corneal reflections equal and symmetrical? 
D Yes I non strabismic 
D No I strabismic (fill out form below) 
D Unable 
A1a. Frequency 
Constant 
Intermittent 
D Tick if unable 
A 1 b. Laterality 
Right _ 
Left _ 
Alternating _ 
D Tick if unable 
A2a. Direction: Horizontal 
Eso _ 
Exo_ 
No horizontal 
D Tick if unable-
A3a. Direction: Vertical 
RHyperT _ 
LHyperT _ 
No vertical 
D Tick if unable 
13b. Hirschberg I Corneal Reflections with Glasses 6V"' 
PERFORM ON ALL CHILDREN WITH GLASSES 
D Tick here if child does not wear glasses and skip section. 
Are corneal reflections equal and symmetrical? ~ 
D Yes I non strabismic 
D No I strabismic (fill out form below) 
D Unable 
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81 a. Frequency I 82a. Direction: Horizontal 
Eso 
Constant I Exo 
- No horizontal Intermittent D Tick if unable-
I 
D Tick if unable 
81 b. Laterality I B3a. Di,.ctlon: Vertical 
RHyperT _ 
Right 
Left I LHyperT _ Alternating _ No vertical 
D Tick if unable 
D Tick if unable 
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~.Visual Acuity: Response to Occlusion 
PERFORM ON ALL CHILDREN (with glasses if wom) 
Is the child 's response equal in both eyes? 0 Yes 0 No 0 Unable 
If No record the response below (i.e. crying, pulling cover away, moving head to see etc.): 
With Left Eye Covered (Testing Right eye):------------------
With Right Eye Covered (Testing Left Eye):-----------------
~.Nystagmus 
RECORD FOR ALL CHILDREN 
Manifest Nystagmus present 
PLEASE NOTE: 
Yes D 
No n 
Latent Nystagmus present 
Yes D 
No n 
If Nystagmus present continue testing of VA, CT and PBCT with OPAQUE OCCLUDER. 
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~. Visual Acuity: OKN DRUM 
TEST DISTANCE: 50CM 
0 TICK HERE IF THIS SECTION IS NOT APPLICABLE 
VISUAL ACUITY (OKN Drum) Detection acuity 
If patient has glasses, they should be worn: 
0 TICK HERE IF CHILD IS UNABLE TO COOPERATE WITH ALL ACUITY TESTS 
6a(i) Right eye: OKN elicited0 YES 
DNO 
~b. Visual Acuity: Teller Acuity Cards II 
PERFORMED ON ALL CHILDREN LESS THAN 24 MONTHS OLD OR IF UNABLE TO 
PERFORM ALL RECOGNITION ACUITY TESTS. 
TEST DISTANCE: 55CM 
0 TICK HERE IF CHILD IS GREATER THAN 24 MONTHS AND ABLE TO CO-OPERATE WITH 
RECOGNITION ACUITY TESTS (SKIP SECTION) 
VISUAL ACUITY (TELLER ACUITY CARDS II) Resolution acuity 
If patient has glasses, they should be worn: 
Conversion to cycles/deg: 
6b(i). Both ____ cycles/deg 
D Tick if unable 
6b(ii). R _ _ _ _ cycles/deg 
D Tick if unable 
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Comments: 
Reliability of BE: 
0 Reliable 
nllrvoli..,hlo 
Reliability of R: 
D Reliable 
rillnr"oli..,hlo 
Reliability of L: 
D Reliable 
rilln ... oli..,hlo 
~c. (i) Visual Acuity: Electronic Visual Acuity (EVA) Distance without Glasse~ 
PERFORMED ON ALL CHILDREN AT LEAST 30 MONTHS OLD. 
0 TICK HERE IF LESS THAN 30 MONTHS AND GO TO NEXT SECTION 
0 TICK HERE IF CHILD IS UNABLE TO COMPLETE TEST 
0 TICK HERE IF EVA IS NOT WORKING ~USE ALTERNATE LOGMAR TEST INSTEAD 
Visual Acuity Visual Acuity 
R: 20/ L: 20/ 
*If child is older than 60 months (5 years), test with Adult LogMAR and EVA (only ;r child will cooperate with 
extended testing). 
~c. (ii) Visual Acuity: Electronic Visual Acuity (EVA) Distance with Glasses 
PERFORMED ON ALL CHILDREN AT LEAST 30 MONTHS OLD IF THEY WEAR GLASSES. 
0 TICK HERE IF CHILD DOES NOT WEAR ANY GLASSES 
0 TICK HERE IF LESS THAN 30 MONTHS AND GO TO NEXT SECTION Gc/"' 
0 TICK HERE IF CHILD WEARS GLASSES AND IS UNABLE TO COMPLETE TEST 
0 TICK HERE IF EVA IS NOT WORKING -?USE ALTERNATE LOGMAR TEST INSTEAD 
,.-~F~e_e_t __ ~,-M~et-r-es~, 
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20/400 6/120 
If patient has glasses ~ they should be worn now: 
20/320 6/96 
20/250 6/75 
20/200 6/60 
Visual Acuity Visual Acuity 20/160 6/48 
20/125 6/38 
20/100 6/30 
R: 201 
--
L: 20/ _ _ 
20/80 6/24 
20/63 6/19 
20/50 6/15 
20/40 6/12 
20/32 6/10 
20/25 6/7.5 
20/20 6/6 
ision Testin 
20/16 6/5 
PERFORM ON ALL CHILDREN 
Is the child 's response equal in both eyes? D Yes 0 No D Unable 
If No record the response below (i.e. crying, pulling cover away, moving head to see etc.): 
With Left Eye Covered (Testing Right Eye): ________________ _ 
With Right Eye Covered (Testing Left Eye):. ________________ _ 
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. ~ 
~e. Visual Acuity: LogMAR Distance RIGHT EYE 
0 TICK HERE IF THIS TEST IS NOT APPLICABLE (DUE TO AGE OR NOT APPROPRIATE 
TEST) 
Log MAR test face used: 
0 EDTRS (all children >60 months) 0 Attempted Unable 
0 HOTV (>30 months) 0 Attempted Unable 
RIGHT EYE 
6e(i) WITHOUT glasses 0 6e(ii) With Glasses ~ D 
Snellen Eq . No. Log MAR Snellen Eq. No. Log MAR 
Correct score Correct score 
6/60 5 1.0 6/60 5 1.0 
6/48 10 0.9 6/48 10 0.9 
6/36 15 0.8 6/36 15 0.8 
6/30 20 0.7 6/30 20 0.7 
6/24 25 0.6 6/24 25 0.6 
6/19 30 0.5 6/19 30 0.5 
6/15 35 0.4 6/15 35 0.4 
6/12 40 0.3 6/12 40 0.3 
6/9.5 45 0 .2 6/9.5 45 0.2 
6/7.5 50 0.1 6/7.5 50 0.1 
6/6 55 0.0 6/6 55 0.0 
6/4.8 60 -0.1 6/4.8 60 -0.1 
6/3.8 65 -0.2 6/3.8 65 -0.2 
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6/3.0 70 I -0.3 6/3.0 70 I -0.3 
Total letters Total letters 
read read 
~ 
6e(iii) If VA <6160, measure VA at 1.22m using LogMAR chart 
WITH Glasses 0 or WITHOUT glasses 0 
Snellen Eq. No. LogMAR score 
Correct 
3/60 (6/120) 1.3 
3/48 (6/96) 1.2 
3/36 (6/72) 1.1 
6e(iv) If Vision <3160, measure VA at 38cm (Age limit: >30 months) 
CF 
HM 
LP+P 
LP 
NPL 
D 
D 
D 
D 
D 
Age limit: >30 months 
CF - to perform, hold up different numbers of fingers 4-5 times 
asking the person to show you how many fingers they can see, 
either by counting or by mimicking how many fingers you are holding 
up. At 38cm CF is approximately equivalent to 6/60. 
HM- to perform, move the hand in different directions, up, down 
and horizontally at a distance of 38cm, ask the subject in which 
direction is the hand moving. 
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~f. Visual Acuity: LogMAR Distance LEFT EYE 
0 TICK HERE IF THIS TEST IS NOT APPLICABLE (DUE TO AGE OR NOT APPROPRIATE TEST) 
Log MAR test face used: 
0 EDTRS (all children >60 months) 0 Attempted Unable 
0 HOTV (>30 months) 0 Attempted Unable 
0 LEA symbols (>24 months) 0 Attempted Unable 
LEFT EYE 
6f(i) WITHOUT glasses 0 6f(ii) With Glasses &V" D 
Snellen Eq. No. Log MAR Snellen Eq. No. Log MAR 
Correct score Correct score 
6/60 ~ 1.0 6/60 5 1.0 
6/48 10 0.9 6/48 10 0.9 
6/36 1"i 0.8 6/36 15 0.8 
6/30 20 0.7 6/30 20 0.7 
6/24 25 0.6 6/24 25 0.6 
6/19 30 0 .5 6/19 30 0.5 
6/15 35 0.4 6/15 35 0.4 
6/12 40 0.3 6/12 40 0.3 
6/9.5 45 0.2 6/9.5 45 0.2 
6/7.5 50 0.1 6/7.5 50 0.1 
6/6 55 0.0 6/6 55 0.0 
6/4.8 60 -0.1 6/4.8 60 -0.1 
6/3.8 65 -0.2 6/3.8 65 -0.2 
6/3.0 70 -0.3 6/3.0 70 -0.3 
Page I 258 
Total letters 
read 
6f (iii) If VA <6160, measure VA at 1.22m 
WITH Glasses 0 or W ITHOUT glasses 0 
Snellen Eq. No. LogMAR score 
Correct 
3/60 (6/120) 1.3 
3/48 (6/96) 1.2 
3/36 (6/72) 1.1 
Total letters 
read 
6f (iv) If Vision <3160, measure VA at 38cm (Age limit: >30 months) 
CF 0 
HM 0 
LP+P 0 
LP 0 
NPL D 
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7a&b. Cover Testing & PBCT at Near and Distance WITHOUT GLASSES 
PERFORM ON ALL CHILDREN 
A. NEAR Cover Testing: 
Strabismic D 
A1.Frequency 
Constant 0 
Intermittent 0 D Tick if unable 
A2. Laterality 
Right 0 
Left 0 
Alternating 0 D Tick if unable 
A3a. Direction: Horiz A3b. Horiz Mag by PCT 
ET 0 ____ !:::. 
XT 0 D Tick if unable 
No Horiz 0 BI D BO O 
A4a.Direction: Vertical A4b. Vert Mag by PCT 
RHyperT 0 ____ !:::. 
LHyperT 0 D Tick if unable 
No Vert 0 BU D BD O 
AS. Fixation: 
Wandering 0 
Takes up fixation with non central point 0 
Central fixation taken up but not maintained 0 
Maintains Fixation 0 
Alternates Fixation 0 
Unable to determine fixation 0 
A6. DVD I Comments: 
A1a. Accommodative 
0 ET Increases with 
Accommodative Target 
FR O FL O 
I 
FR O FL O I 
I 
I 
I 
Can't Determine D 
Non-Strabismic (Phoria) D 
A7a. Direction: Horizontal 
Orthophoria 0 
Esophoria 0 
Exophoria 0 
D Tick if unable 
A 7b. Magnitude: Horizontal 
____ !:::. 
D Tick if unable 
BI D BO O 
ABa. Direction: Vertical 
Right Hyperphoria 0 
Left Hyperphoria 0 
No vertical phoria 0 
D Tick if unable 
I ABb. Magnitude: Vertical 
--- -
1:::. 
D Tick if unable 
BU D BO O 
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DVD (RE) 0 
DVD (LE) 0 
DVD (BE) 0 
No DVD 0 
Unable 0 
B. DISTANCE Cover Testing: 
0 TICK IF DISTANCE CT PERFORMED AT 3 METRES 
Strabismic D 
81.Frequency 
Constant 0 
Intermittent 0 D Tick if unable 
82. Laterality 
Right 0 
Left 0 
Alternating 0 D Tick if unable 
83•. Direction: Horiz B3b. Horiz Mag by PCT 
ET 0 ____ 6. 
XT 0 D Tick if unable 
No Horiz 0 BI D BO O 
~.Direction: Vertical B4b. Vert Mag by PCT 
RHyperT 0 ____ 6. 
LHyperT 0 D Tick if unable 
No Vert 0 BU D BO O 
85. Fixation: 
Wandering 0 
Takes up fixation with non central point 0 
Central fixation taken up but not maintained 0 
Maintains Fixation 0 
81a. Accommodative 
0 ET Increases with 
Accommodative Target 
FR O FL O 
I 
FR O FL O I 
I 
I 
Can't Determine D 
Non-Strabismic (Phoria) D 
Bla. Direction: Horizontal 
Orthophoria 0 
Esophoria 0 
Exophoria 0 
D Tick if unable 
Blb. Magnitude: Horizontal 
____ 6. 
D Tick if unable 
BI D BO O 
BBa. Direction: Vertical 
Right Hyperphoria 0 
Left Hyperphoria 0 
No vertical phoria 0 
D Tick if unable 
BBb. Magnitude: Vertical 
____ 6. 
D Tick if unable 
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~c&d. Cover Testing & PBCT at Near and Distance WITH GLASSES W'"' 
ITT!CK HERE IF CHILD DOES NOT WEAR ANY GLASSES 
C. NEAR Cover Testing: 
Strabismic D 
C1.Frequency 
Constant 0 
Intermittent 0 D Tick if unable 
C2. Laterality 
Right 0 
Left 0 
Alternating 0 D Tick if unable 
C3a. Direction: Horiz C3b. Horiz Mag by PCT 
ET 0 ____ !:::. 
XT 0 D Tick if unable 
No Horiz 0 BI D BO D 
C4a.Direction: Vertical C4b. Vert Mag by PCT 
RHyperT 0 ____ !:::. 
LHyperT D D Tick if unable 
No Vert 0 BU D BO O 
CS. Fixation: 
Wandering 0 
Takes up fixation with non central point 0 
Central fixation taken up but not maintained 0 
Maintains Fixation 0 
Alternates Fixation 0 
Unable to determine fixation 0 
C6. DVD Comments: 
OVO (RE) 0 
C1a. Accommodative 
0 ET Increases with 
Accommodative Target 
FR O FL O 
I 
FR O FL O I 
~ 
Can't Determine 
Non-Strabismic (Phoria) 
C7a. Direction: Horizontal 
Orthophoria 
Esophoria 
Exophoria 
D Tick if unable 
C7b. Magnitude: Horizontal 
____ !:::. 
D Tick if unable 
BI D BO O 
I 
CBa. Direction: Vertical 
Right Hyperphoria 
Left Hyperphoria 
I No vertical phoria 
D Tick if unable (96) 
CBb. Magnitude: Vertical 
____ !:::. 
D Tick if unable 
BU D BO O 
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D 
D 
0 
0 
0 
0 
0 
0 
Il  
DVO (LE) 0 
DVD (BE) 0 
NoOVO D 
Unable D 
D. DISTANCE Cover Testing: 
0 TICK IF DISTANCE CT PERFORMED AT 3 METRES 
Strabismic D 
D1.Frequency 
Constant D 
lntennittent D CJ Tick if unable 
02. Laterality 
Right D 
Left D 
Alternating D CJ Tick if unable 
D3a. Direction: Horiz D3b. Horiz Mag by PCT 
ET D ____ !::. 
XT D CJ Tick if unable 
No Horiz D BI D BO D 
CU..Direction: Vertical D4b. Vert Mag by PCT 
RHyperT D ____ !::,. 
LHyperT D CJ Tick if unable 
No Vert D BU D BO D 
05. Fixation: 
Wandering D 
Takes up fixation with non central point D 
Central fixation taken up but not maintained D 
Maintains Fixation D 
Alternates Fixation D 
D1 a. Accommodative 
D ET Increases with 
Accommodative Target 
FR O FL O 
I 
FR O FL O I 
~ 
I 
I 
Can't Determine D 
Non-Strabismic (Phoria) D 
D7a. Direction: Horizontal 
Orthophoria D 
Esophoria D 
Exophoria D 
CJ Tick if unable 
D7b. Magnitude: Horizontal 
____ 6 
CJ Tick if unable 
BI D BO D 
DBa. Direction: Vertical 
Right Hyperphoria D 
Left Hyperphoria D 
No vertical phoria D 
D Tick if unable 
DBb. Magnitude: Vertical 
____ 6 
D Tick if unable 
BU D BO D 
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7e&f. Cover Testing & PBCT at FAR DISTANCE 
PERFORM CT AT THIS DISTANCE WHEN EXOPHORIA OR EXOTROPIA INCREASES IN SIZE WITH DISTANCE FIXATION. USE BACK PORCH 
0 TICK HERE IF SECTION E & F IS NOT APPLICABLE 
E. FAR DISTANCE Cover Testing (WITHOUT GLASSES): 
Strabismic 0 
E1.Frequency 
Constant 0 
Intermittent 0 
E2. Laterality 
Right 0 
Left 0 
Alternating 0 
E3a. Direction: Horiz 
ET 0 
XT 0 
No Horiz 0 
E4a.Direction: Vertical 
RHyperT 0 
LHyperT 0 
No Vert 0 
E5. Fixation: 
D Tick if unable 
D Tick if unable 
E3b. Horiz Mag by PCT 
_____ !::,. 
D Tick if unable 
BI D BO O 
E4b. Vert Mag by PCT 
____ 6. 
D Tick if unable 
BU D BO O 
Wandering 0 
Takes up fixation with non central point 0 
Central fixation taken up but not maintained 0 
Maintains Fixation 0 
Alternates Fixation 0 
Unable to determine fixation 0 
E1a. Diplopia? 
Yes 0 
No 0 
Unable 0 
FR O 
FR O 
FL O 
I 
FL O I 
Can't Determine 
Non-Strabismic (Phoria) 
E7a. Direction: Horizontal 
Orthophoria 
Esophoria 
Exophoria 
D Tick if unable 
E7b. Magnitude: Horizontal 
____ !::,. 
D Tick if unable 
BI D BO O 
I 
EBa. Direction: Vertical 
Right Hyperphoria 
Left Hyperphoria 
I No vertical phoria 
D Tick if unable 
EBb. Magnitude: Vertical 
_ ___ !::,. 
D Tick if unable 
BU D BO O 
0 
0 
0 1 
02 
[J3 
0 
0 
0 
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E6. DVD I I Comments: 
DVD (RE) 0 
DVD (LE) 0 
DVD (BE) 0 
NoDVD 0 
Unable 0 
0 TICK HERE IF CHILD DOES NOT WEAR GLASSES 
F. FAR DISTANCE Cover Testing (WITH GLASSES &?:/') : 
Strabismic D 
F1.Frequency 
Constant 0 
Intermittent 0 
F2. Laterality 
Right 0 
Left 0 
Alternating 0 
F3a. Direction: Horiz 
ET 0 
XT 0 
No Horiz 0 
F4a.Direction: Vertical 
RHyperT 0 
LHyperT 0 
No Vert 0 
FS. Fixation: 
D Tick if unable 
D Tick if unable 
F3b. Horiz Mag by PCT 
____ 6. 
D Tick if unable 
BI D BO O 
F4b. Vert Mag by PCT 
____ 6. 
D Tick if unable 
BU D BO O 
Wandering 0 
Takes up fixation with non central point 0 
Central fixation taken up but not maintained 0 
Maintains Fixation 0 
F1a. Diplopia? 
Yes 0 
No 0 
Unable 0 
I 
FR O FL O 
I 
FR O FL O I 
~ 
Can't Determine D 
Non-Strabismic (Phoria) D 
Fla. Direction: Horizontal 
Orthophoria 0 
Esophoria 0 
Exophoria 0 
D Tick if unable 
F7b. Magnitude: Horizontal 
6. 
----
D Tick if unable 
BI D BO O 
I 
I 
FBa. Direction: Vertical 
Right Hyperphoria 0 
Left Hyperphoria 0 
I No vertical phoria 0 
D Tick if unable 
FBb. Magnitude: Vertical 
____ 6. 
D Tick if unable 
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! sa. Krimsky WITHOUT Glasses 
0 TICK HERE IF RELIABLE STRABISMIC PBCT MEASUREMENT WAS OBTAINED AND GO TO NEXT SECTION 
PERFORM IF UNABLE TO OBTAIN RELIABLE PRISM BAR COVER TEST AT NEAR 
A. KRIMSKY TESTING (without glasses): 
Strabismic 
Unable 0 l 0 
.. 
A1. Magnitude: Horizontal 
____ !::. 81 0 80 0 FRO FLO 
0 Tick if unable 
A2. Magnitude: Vertical 
6. BU 0 BD 0 FRO FLO 
l ab. Krimsky Testing WITH glasses 6V"' 
0 TICK HERE IF RELIABLE STRABISMIC PBCT MEASUREMENT WAS OBTAINED AND GO TO NEXT SECTION 
0 TICK HERE IF UNRELIABLE PBCT MEASURE BUT CHILD DOES NOT WEAR ANY GLASSES 
PERFORM IF UNABLE TO OBTAIN RELIABLE PRISM BAR COVER TEST AT NEAR WITH GLASSES 
B. KRIMSKY TESTING (with glasses): 
Strabismic 0 1 ------. 
Unable 0 96 1 &V' 
81. Magnitude: Horizontal 
____ !::. 81 0 80 0 FRO FLO 
D Tick if unable 
82. Magnitude: Vertical 
____ 6. BU 0 BD 0 FRO FLO 
Orick if unable Page I 269 
j 9. Eye Alignment: Versions/Ductions Testing 
PERFORM ON ALL CHILDREN 
(without glasses): 
Normal D 
Abnormal or Incomplete D 
Unable D 
a. Right Eye 
u/a of a u/a 
complete 
restriction* 
RSO D 0 D 
RIO D D D 
RSR 0 D D 
RIR D D D 
RLR D 0 0 
RMR D D D 
j 
Unable u/a 
0 LSO 0 
0 LIO 0 
0 LSR 0 
0 LIR 0 
0 LLR D 
0 LMR D 
~ 
~ 
b. Left Eye 
of a u/a 
~ 
~ 
Unable 
complete 
restriction* 
D D D 
D D D 
D 0 D 
D 0 D 
D 0 D 
D D D 
*To Rate as a complete restriction it must be evident on ductions (monoc) if ductions are unable 
to be performed rate as u/a only, not a complete restriction. 
Addit ional Observations ' 
Please tick when present: 
0 Lid retraction 
0 Latent Nystagmus 
0 End Point Nystagmus 
0 Widening Palp Fissures 
0 Narrowing Palp Fissures 
0 Muscle Surgery Scar Tissue Visible 
Patterns: 
0 No pattern seen 
0 Pattern seen (indicate pattern and significance below) 
0 Unable to assess pattern 
Tick one box below for indicating pattern and significance: 
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SIGNIFICANT Is the Pattern 
A pattern Significant (>1 o.::. or a tropia in position of gaze) 0-7 esophoric or exophoric: 
V pattern Significant (>1 o.::. or a tropia in position of gaze) 0-7 
NOT SIGNIFICANT Eso 0 
A pattern not significant (<10.::. difference in position of gaze) 0-7 Exo 0 
V pattern not significant ( <1 o.::. difference in position of gaze) 0-7 
110. Convergence Near Point 
PERFORM ON ALL CHILDREN 
CNP: 0:5 6 em (tick) 
or Other em 
Unable D 
111. 156 Fusional Response Test 
PERFORM ON ALL CHILDREN 
15.::. Prism Test: 
When prism placed in front of RE what is the 
response: 
RE: D Positive (can overcome prism) 
D Negative (cannot overcome prism) 
0 Unable to assess 
When prism placed in front of LE what is the 
response: 
LE: D Positive (can overcome prism) 
0 Negative (cannot overcome prism) 
0 Unable to assess 
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Comments for RE (ie, slower response): Comments for LE (ie, slower response): 
112. OPTIONAL 4c. prism test (test for suppression) 
D NOT APPLICABLE TO PATIENT 
If there is a suspicion of Microtropia perform 46 prism test 
46 Prism Test: 
When prism placed in front of RE what is the 
response: 
RE: D Positive (can overcome prism) 
D Negative (no movement) 
D Unable to assess 
Comments for RE (i.e. conjugate movement 
indicates non-suppressing eye and no 
movement indicates suppressing eye): 
When prism placed in front of LE what is the 
response: 
LE: D Positive (can overcome prism) 
D Negative (no movement) 
D Unable to assess 
Comments for LE (i.e. conjugate movement 
indicates non-suppressing eye and no movement 
indicates suppressing eye): 
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[13a. Stereopsis: LANGS II 
PERFORM ON ALL CHILDREN 
Threshold Stereopsis: indicate smallest disparity level correct: 
200 sees of arc D 
400 sees of arc D 
600 sees of arc D 
Star only D 
No Stereopsis D 
or Unable D 
Comments: 
--------------------------------------------
[ 13b. Stereopsis: RANDOT PRESCHOOL TEST I STEREOPSIS 
ATTEMPT RANDOT PRESCHOOL TEST ON ALL CHILDREN ABOVE 30 MONTHS. IF CHILD 
UNABLE TO DO THIS TEST TRY STEREOSMILE //INSTEAD 
0 TICK HERE IF LESS THAN 30 MONTHS AND GO TO NEXT SECTION 
Threshold Stereopsis: indicate smallest disparity level correct: 
40 sees of arc D 
60 sees of arc 0 
100 sees of arc D 
200 sees of arc D 
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400 sees of arc 0 
800 sees of arc 0 
No Stereopsis 0 
or Unable 0 7 Do Stereosmile II instead. 
Comments: ___________ _________ _ 
l13c. Stereopsis: STEREOSMILE TEST II 
PERFORM ON ALL CHILDREN BELOW 30 MONTHS 
0 TICK HERE IF GREATER THAN 30 MONTHS AND GO TO NEXT SECTION 
Threshold Stereopsis: indicate smallest disparity level correct: 
60 sees of arc 0 
120 sees of arc 0 
240 sees of arc 0 
480 sees of arc 0 
No Stereopsis 0 
or Unable 0 
Comments: 
- ------------------- ---
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14. Color Vision Testing Made Easy and Diagnostic Testing with City University and Ishihara 
0 TICK HERE IF LESS THAN 30 MONTHS AND GO TO NEXT SECTION 
A. WAGGONER® COLOR VISION TEST (If patient has glasses 6V; they should be worn): 
Color Vision Testing Made Easy Screening Plates 
Normal 
Failed 
Unable 
A3. City University at 33 em: 
0 Tick here if unable to perform City University 
(Tick the box with the patients response) 
Page No. Normal Protan Deutan 
5 RO sO LO 
6 L O RO TO 
7 RO LO sO 
8 LO TO RO 
9 RO LO sO 
10 RO LO sO 
A1. Color Vision Testing Made Easy 
Normal D 
Deficient 0 
Unable 0 
1 
If A 1 deficient and A2 full, go to A3-7 City University 
Tritan 
TO RESULT: 
sO NAD D 
TO Protan D 
sO Deutan D 
TO Tritan D 
TO Other D 
A4. Diagnostic Testing with Ishihara at 40cm 
0 Tick here if unable to perform Ishihara 
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Plate Normal Person with Red-Green 
Response Deficiencies 
(tick box if no. displayed reported, 
any other answer write next to 
box) 
I 
I 
1 12 12 0 
2 8 3 0 
3 29 70 0 
4 5 2 0 
5 3 5 0 
6 15 17 0 
7 74 21 0 
8 6 X 0 
9 45 X 0 
10 5 X 0 
11 7 X 0 
12 16 X 0 
13 73 X 0 
14 X 5 0 
15 X 45 0 
I 
RESULT: 
Prot an Deutan ! NAD 0 
I 
16 26 60 20 other 0 R-G Defect 0 
17 42 2 0 40 other 0 Total Colour 0 
Blindness 
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[ 15. Pupils (IF PUPILS ABNORMAL MEDICO NEEDS TO ASSESS BEFORE DILATION) 
PERFORM ON ALL CHILDREN (without glasses) 
Right Eye: Normal 0 
APD 0 
Other 0 ., Describe: 
Unable 0 
Left Eye: Normal 0 
APD 0 
Other 0 Describe: 
Unable 0 
Are the Pupils Equal in Size? 
Yes 0 
No 0 
If No, which Pupil is Larger? 
Right 0 
Left 0 
0 Heterochromia is present -7 Lighter Eye: 0 Right 0 Left 
Comments: ___________________________ _ 
[ 16. Bruckner Test 
PERFORM ON ALL CHILDREN 
(If patient has glasses ~ they should be worn): 
Indicate which eye had the 'Whiter and Brighter" reflex: 
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Right Eye 0 
Left Eye 0 
Equal Brightness 0 
Unable 0 
117. Iris Colour 
PERFORM ON ALL CHILDREN USING IRIS PHOTOGRAPH REFERENCE STANDARDS 
Right Eye Left Eye 
< std # 1 (blue) 0 < std # 1 (blue) 0 
< std # 2 (hazel/green) 0 < std # 2 (hazel/green) 0 
< std # 3 (tan/brown) 0 < std # 3 (tan/brown) 0 
> std # 3 (dark brown) 0 > std # 3 (dark brown) 0 
Cannot judge/not done 0 Cannot judge/not done 0 
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118. Blood Pressure 
Blood Pressure 1: 
Blood Pressure 2: 
119. Eye Drops 
/ __ _ 
/ __ _ 
Pulse 1: BPM 
Pulse 2: BPM 
Unable 0 
UnableO 
IF ANY ABNORMALITY NOTED MEDICO NEEDS TO ASSESS WITH SLIT LAMP PRIOR TO 
Tropicamide 1% 
Phenylephrine 2.5% 
(Instill if necessary) 
5 minutes later 
Second Instillation of: 
TimeD]: D 
Timel I I . I 
Cyclopentolate 0.5% Time D ·o 
(for children under 12 months) 
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Cyclopentolate 1% 
Tropicamide 1% 
Phenylephrine 2.5% 
(Instill if necessary) 
!20. Anthropometry 
TimeD ·D 
Time[IJ: D 
TimeD ·D 
Height or Length: _____ (ems) Ofick if Recumbent Length Method used 
Weight: ____ (kgs) 
Waist Circumference: _____ (ems) 
Head Circumference: _____ (ems) 
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[ 21 a. Refraction: Cycloplegic Autorefraction 
0 TICK HERE IF UNABLE TO INSTILL DROPS 
Test Performed : 
CANON 0 Right 0 Left 
RET I NO MAX 0Right OLeft 
If unsuccessful, perform Cycloplegic Retinoscopy 
R: CANON refraction successful 0 Y 0 N 
RETINOMAX refraction successful (confidence level>=8): 0 Y 0 N 
L: CANON refraction successful 0 Y 0 N 
RETINOMAX refraction successful (confidence level>=8) 0 Y 0 N 
21 b. Assessment of Cycloplegia 
Dilated Pupil diameter: R mm D Unable 
Reaction to light: 
Right 
DYes 
D No 
n Unable 
Left 
DYes 
DNo 
L mm D Unable 
n Unable 
Constriction of pupil whilst viewing 
Auto refractor target: 
DYes 
DNo 
Right 
n Unable 
Left 
DYes 
D No 
n Unable 
AUTO REFRACTION 
PRINTOUT 
CANON OR 
RETINOMAX 
PRINT OUT 
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122. IOL Master 
0 TICK HERE IF LESS THAN 30 MONTHS OF AGE AND SKIP. 
Right Left 
0 Tick if unable (96) 0 Tick if unable (96) 
Place printout in book 
123. Refraction: Cycloplegic Retinoscopy 
PERFORM IF EITHER EYE HAS HAD CYCLOPLEGIA AND "UNABLE" TO OBTAIN RETINOMAX 
READING OF CONFIDENCE LEVEL >=8. IF PERFORMING CYCLOPLEGIC RETINOSCOPY, 
PERFORM IN BOTH EYES (UNLESS ONE EYE DOES NOT HAVE CYCLOPLEGIA). 
ADEQUATE CYCLOPLEGIA R? DYES 
ADEQUATE CYCLOPLEGIA L? DYES D NO 
IF NO FOR EITHER EYE, 
PERFORM NON-CYCLOPLEGIC 
RETINOSCOPY FOR THAT EYE 
R~r.nRntf\1~ Tf.-1~ R~~/11 T 
C. CYCLOPLEGIC RETINOSCOPY: 
Cycloplegic Refraction Calculation: 
R: ___ sph cyl x __ _ (axis) 
Or unable (96): 
DR 
D L 
Page I 282 
124. Refraction: Non-Cycloplegic Retinoscopy 
PERFORMED IN EITHER EYE IF THAT EYE DID NOT RECEIVE AT LEAST ONE DROP OF 
CYCLOPENTOLATE. 
D. NON-CYCLOPLEGIC RETINOSCOPY: 
Non-Cycloplegic Refraction Calculation: 
R: ___ sph cyl X __ _ 
Comments 
(axis) 
Or unable (96): 
DR 
D L 
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25. Slit Lamp Examination or D I I I 
Loupe D I I 
Right Eye Eye condition NAD 0 CRe (lCD-
10-AM) 
Eyelids, lacrimal system Hordeolum or deep inflammation of the eye lid 0 HOO.O 
Chalazion 0 H00.1 
Ptosis 0 H02.4 
Epiphora 0 H04.2 
Conjunctiva and external eye Conjunctivitis 0 H10 
Conjunctival degenerations and deposits 0 H11 .1 
Conjunctival scars 0 H11 .2 
Corneal disease Corneal ulcers 0 H16.0 
Superficial keratitis 0 H16.1 
Corneal scars or opacities 0 H17 
Heredity corneal dystrophies 0 H18.5 
Keratoconus 0 H18.6 
Iris 0 H20.2 
Ciliary body Anterior uveitis 0 
Pupillary membrane 0 H21.4 
Lens Pigment on Capsule 0 
0 
Cataract & Type 
Vitreous Opacities 0 
0 
Remnants of Cloquet's canal 
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Left Eye Eye condition NAD 0 
Eyelids, lacrimal system Hordeolum or deep inflammation of the eye lid 
Chalazion 
Ptosis 
Epiphora 
Conjunctiva and external eye Conjunctivitis 
Conjunctival degenerations and deposits 
Conjunctival scars 
Corneal disease Corneal ulcers 
Superficial keratitis 
Corneal scars or opacities 
Heredity corneal dystrophies 
Keratoconus 
Iris 
Ciliary body Anterior uveitis 
Pupillary membrane 
Lens Pigment on Capsule 
Cataract & Type 
Vitreous Opacities 
Remnants of Cloquet's canal 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D 
D 
CRe (lCD-
10-AM) 
HOO.O 
H00.1 
H02.4 
H04.2 
H10 
H11 .1 
H11 .2 
H16.0 
H16.1 
H17 
H18.5 
H18.6 
H20.2 
H21.4 
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[ 26. Fundus Examination 
Examiner: __ _ 
A. OPHTHALMOSCOPIC EXAMINATION: 
Technique: If abnormal/other specify: 
(Circle) Indirect (1) Direct (2) Both (3) 
A1. ~ 1) ____ __ _ 
Normal Ab/Other Unable 
1) Macula 
2) Disc 
3) Media 
4) Peri ph. Retina 
A2. ~ If abnormal/other specify: 
Normal Ab/OtherUnable 
1) Macula 
2) Disc 
1) ____ ___ _ 
3) Media 
4) Periph. Retina 
Is visual acuity measured at 6/36 LOG MAR or worse or unable primaril y because of 
organic disease? 
A3. Right Eye: No 0 
Yes D D~ibe: ---- ----------
A4. Left Eye: No D 
Yes 0 1 D~ibe: _ ____ ______ _ 
[ 27. Retinal Photography 
Attempt in all children aged 3 years or older 
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Both eyes D Right eye only D Left eye only 
Unable to take photographs D 
Reason for inability to take photograph: 
Unable to keep still D 
Refusal 
Failure to dilate 
D 
D 
Abnormality noted: RE D LE D 
Describe: 
Extra Phenylephrine given D 
--------------------------------------------------
D 
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12aa. Return Visit Visual Acuity: Retest Details 
0 TICK HERE IF NOT INDICA TED AND SKIP. 
Examiner: 
------
Date of Visual Acuity Retest: _ _ I __ I _ __ _ 
Has the child acquired glasses since last visit? Y 0 N 0 
If so, on what date? _ _ I __ I _ __ _ 
Instructions: Use the sphere if that doesnY help the vision then use a pinhole over the sphere -)only 
attempt cylinder as a last resott. 
Record what script used in trial frame 
(see worksheet to determine): 
R: ___ sph cyl x __ _ 
L: ___ sph cyl x __ _ 
(axis) 
(axis) 
~8b. Return Visit: Parent Training with LEA Symbols 
Has the child had training with the LEA board at home? 
0 Yes 
0 No 
0 N/A (not in age group 24-36 months) 
New Glasses: 
Affix 
Auto-Lensometer 
Tape 
If yes, is PARENT TRAINING RECORD attached to book?_ (tick when attached) 
~Be. Return Visit Visual Acuity: OKN DRUM I 
TEST DISTANCE: SOCM 
0 TICK HERE IF THIS SECTION IS NOT APPLICABLE 
VISUAL ACUITY (OKN Drum) Detection acuity 
If patient has glasses, they should be worn: 
Page I 288 
0 TICK HERE IF CHILD IS UNABLE TO COOPERATE WITH ALL ACUITY TESTS 
28c(i) Right eye: OKN elicited DYES 
D NO 
~8d. Return Visit Visual Acuity: Teller Acuity Cards II 
PERFORMED ON ALL CHILDREN LESS THAN 24 MONTHS OLD OR IF UNABLE TO 
PERFORM ALL RECOGNITION ACUITY TESTS. 
TEST DISTANCE: 55CM 
0 TICK HERE IF CHILD IS GREATER THAN 24 MONTHS AND ABLE TO CO-OPERATE WITH 
RECOGNITION ACUITY TESTS (SKIP SECTION) 
VISUAL ACUITY (TELLER ACUITY CARDS II) Resolution acuity 
If patient has glasses, they should be worn: 
Reliability of BE: 
D Reliable 
D Unreliable 
Conversion to cyclesldeg: 
28d(i). Both ____ cycles/deg 
c:J Tick if unable 
28d(ii) . R ____ cycles/deg 
c:J Tick if unable 
Reliability of R: 
D Reliable 
D Unreliable 
Reliability of L: 
D Reliable 
D Unreliable 
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12ae. (i) Return Visit Visual Acuity: Electronic Visual Acuity (EVA) Distance without Glasse~ 
PERFORMED ON ALL CHILDREN AT LEAST 30 MONTHS OLD. 
0 TICK HERE IF LESS THAN 30 MONTHS AND GO TO NEXT SECTION 
0 TICK HERE IF CHILD IS UNABLE TO COMPLETE TEST 
0 TICK HERE IF EVA IS NOT WORKING -?USE ALTERNATE LOGMAR TEST INSTEAD 
Visual Acuity Visual Acuity 
R: 201 L: 20/ 
• If child is older than 60 months (5 years), test with Adult LogMAR and EVA (only if child will cooperate with 
extended testing) . 
l28t. (ii) Return Visit Visual Acuity: Electronic Visual Acuity (EVA) Distance with Glasse~ 
PERFORMED ON ALL CHILDREN AT LEAST 30 MONTHS OLD IF THEY WEAR GLASSES. 
0 TICK HERE IF CHILD DOES NOT WEAR ANY GLASSES 
0 TICK HERE IF LESS THAN 30 MONTHS AND GO TO NEXT SECTION 
0 TICK HERE IF CHILD IS UNABLE TO COMPLETE TEST 
&c/' 
0 TICK HERE IF EVA IS NOT WORKING -?USE ALTERNATE LOGMAR TEST INSTEAD 
Feet Metres 
20/400 6/120 
20/320 6/96 
20/250 6/75 
20/200 6/60 
20/160 6/48 
20/125 6/38 
20/100 6/30 
20/80 6/24 
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20/63 6/19 
If patient has glasses Gb/", they should be worn now: 
20/50 6/15 
20/40 6/12 
20/32 6/1 0 
Visual Acuity Visual Acuity 20/25 6/7.5 
20/20 6/6 
20/16 6/5 
R: 201_- L: 20/_-
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~Sg. Return Visit Visual Acuity: LogMAR Distance Right Eye 
0 TICK HERE IF THIS TEST IS NOT APPLICABLE (DUE TO AGE OR NOT APPROPRIATE 
TEST) 
Log MAR test face used: 
0 EDTRS (all child ren >60 months) 0 Attempted Unable 
0 HOTV (>30 months) 0 Attempted Unable 
0 LEA symbols (>24 months) 0 Attempted Unable 
RIGHT EYE 
28g(i) WITHOUT glasses 0 28g(ii) With Glasses ~ D 
Snellen Eq . No. Log MAR Snellen Eq. No. Log MAR 
Correct score Correct score 
6/60 5 1.0 6/60 5 1.0 
6/48 10 0.9 6/48 10 0.9 
6/36 15 0.8 6/36 15 0.8 
6/30 20 0.7 6/30 20 0.7 
6/24 25 0.6 6/24 25 0.6 
6/19 30 0.5 6/19 30 0.5 
6/15 35 0.4 6/15 35 0.4 
6/12 40 0.3 6/12 40 0.3 
6/9.5 45 0.2 6/9.5 45 0.2 
6/7.5 50 0.1 6/7.5 50 0.1 
6/6 55 0.0 6/6 55 0.0 
6/4.8 60 -0.1 6/4.8 60 -0.1 
6/3.8 65 -0.2 6/3.8 65 -0.2 
6/3.0 70 -0.3 6/3.0 70 -0.3 
' I 
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Total letters 
read 
Total letters 
read 
28g(iii ) If VA <6160, measure VA at 1.22m using LogMAR chart 
WITH Glasses 0 or WITHOUT glasses 0 
Snellen Eq. No. LogMAR score 
Correct 
3/60 (6/120) 1.3 
3/48 (6/96) 1.2 
3/36 (6/72) 1.1 
28g(iv) If Vision <3160, measure VA at 38cm (Age limit: >30 months) 
CF 
HM 
LP+P 
LP 
NPL 
D 
D 
D 
D 
D 
Age limit: >30 months 
CF -to perform, hold up different numbers of fingers 4-5 times 
asking the person to show you how many fingers they can see, 
either by counting or by mimicking how many fingers you are holding 
up. At 38cm CF is approximately equivalent to 6/60. 
HM - to perform, move the hand in different directions, up, down 
and horizontally at a distance of 38cm, ask the subject in which 
direction is the hand moving. 
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12ah. Return Visit Visual Acuity: LogMAR Distance Left Eye 
0 TICK HERE IF THIS TEST IS NOT APPLICABLE (DUE TO AGE OR NOT APPROPRIATE TEST) 
Log MAR test face used: 
0 EDTRS (all children >60 months) 0 Attempted Unable 
0 HOTV (>30 months) 0 Attempted Unable 
0 LEA symbols (>24 months) 0 Attempted Unable 
LEFT EYE 
28h(i) WITHOUT glasses 0 28h (ii) With Glasses 6V' D 
Snellen Eq. No. Log MAR Snellen Eq. No. Log MAR 
Correct score Correct score 
6/60 5 1.0 6/60 5 1.0 
6/48 10 0.9 6/48 10 0.9 
6/36 15 0.8 6/36 15 0.8 
6/30 20 0.7 6/30 20 0.7 
6/24 25 0.6 6/24 25 0.6 
6/19 30 0.5 6/19 30 0.5 
6/15 35 0.4 6/15 35 0.4 
6/12 40 0.3 6/12 40 0.3 
6/9.5 45 0.2 6/9.5 45 0.2 
6/7.5 50 0.1 6/7.5 50 0.1 I 
6/6 55 0.0 6/6 55 0.0 I 
6/4.8 60 -0.1 6/4.8 60 -0.1 
6/3.8 65 -0.2 6/3.8 65 -0.2 
6/3.0 70 -0.3 6/3.0 70 -0.3 
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Total letters 
read 
28h (iii) If VA <6/60, measure VA at 1. 22m 
WITH Glasses 0 or WITHOUT glasses 0 
Snellen Eq. No. LogMAR score 
Correct 
3/60 (6/120) 1.3 
3/48 (6/96) 1.2 
3/36 (6/72) 1.1 
Total letters 
read 
28h (iv) If Vision <3/60, measure VA at 38cm (Age limit: >30 months) 
CF 0 
HM D 
LP+P D 
LP 0 
NPL 0 
~9. Parent Training Record for LEA Symbols 
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30. Family Vertometry bV' 
D Refraction in Older Siblings File (please tick) 
If the mother has glasses: 
Affix 
Auto-Vertometer Tape 
Here 
If a Sibl ing has glasses: 
Affix 
Auto-Vertometer Tape 
Here 
If the father has glasses: 
Affix 
Auto-Vertometer Tape 
Here 
If another Sibling has glasses: 
Affix 
Auto-Vertometer Tape 
Here 
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